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SUMMARY PAGE

THE PROBLEM

The Visual Detection Simulator (VDS) is comprised of three individual sub-
systems: a Link GAT--1 trainer, a projection system, and a PDP 8/e controller.
These systems have been custom interfaced to permit the study of target acqui-
sition in a simulated in-flight environment. The purpose of this report is to
provide an operational and maintenance manual for the VDS system.

FINDINGS

Subsystems and their interrelationships are described, and operational procedures
for the total system are provided. Computer programs for the simulator operation,
data transfer, and maintenance checks are included. Slides are arra:nged and
catalogued, and calibration, maintenance, and testing procedures are provided.
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GENERAL DESCRIPTION

The Visual Detection Simulator (VDS) permits the study of target acquisition
in a simulated in-flight environment. The main components of the system are
a series of projectors that recreate a flight scene spanning a wide visual field,
& Link GAT-1 trainer, a PDP-8/e computer, and a supervisor control station.
Photographs included in this section pictorially illustrate the integration of the
major subsystems.

The GAT-1 trainer is located in the center of the spherical projection screen,
which covers 1760 in azimuth anid 250 in elevation. The screen has a directional
gain of about 10 with an average brightness of 200 ft.-L when illuminated with
an open projector slide gate. The pilot's eye position in the GAT-1 trainer is
4.57 meters (15 feet) from the screen and one foot below its center of curvature.

The angular resolution of the projector system with respect to this position is
better than 1 minute of arc.

Behind the GAT-1 is a projection booth, which is elevated to provide a claar
line of sight for a series of 28 Kodak Ektagraphic slide projectors. To minimize
any adverse effects from heat and dust to the slides, the booth has an air
conditioning system that maintains positive pressure within the booth and the
air is electrostatically filtered. A pair of slide projectors is allotted to each
screen sector. Each pair is controlled by a dedicated Dissolve Unit to success-
ively select alternate projectors, advanc., slide trays, and maintain constant screen
illumination. The projectors, located 25 feet from the screen, are used to pre-
sent a series of scenes of aerial photographs. With the combination of real-
world slides, screen brightness, and the photographic resolution of the colored
slides, the outside world is protrayed with a good degree of realism.

The GAT-1 is a flight and navigational trainer, which includes a sophisticated
sogid-state analog fligit computer, motion and sound simulation s/stems, a full
complement of operational flight and engine instruments, and provisions for the
reception of simulated navigational systems. Electronically computed atmospheric,
ground, and aerodynamic effects enables the trainer to respond realistically to all
pilot controls. An input panel to the navigational computer has been developed
so that station locations, identification, and frequencies can be readily programmed.
The utilization of these devices provides realistic flight conditions and workload in
the VDS system.

A mini-cmputer exercises real-time control of the projection system, records
target-acquisition data, and monitors flight performance by sampling altitude, rate V
of altitude change, airspeed, heading, and VOR deviation at specified intervals.
Comparison of actual flight performance and requested maneuvers are logged for
the various detection conditions. Figure-of-merit values for the flight data and
the detection s( res are automatically summarized at the end of an experimental
run.

1-1



Flight paramnerters that serve as referents for calculating the figure- of- merit value
can be set at the Supervisor's Console. The Supervisor's Console is multifunctional.
A panel of flight-repeater gauges allows monitoring ',f the pilot's flight performance.
Flight characteristics of the GAT-1 call be altered by changing environmental factors
such as turbulence, wind direction, and wind velocity. In addition to these controls,
there is a comnmunication system that enables the supervisor to act as an air-traffic
controller.

When the system is fully intograted, a pilot flies a predeterni'ned flight plan and
views the changing surround in order to detect )ther aircraft in the visual
field. When an aircraft has been detected, the pilot depresses a button located
on the yoke and announces to the "air traffic controller" the screen sector in
which the target appears. The supervisor depresses the corresponding sector
button, thas logging that response.

During the flight, the supervisor monitors the flight conditions and flight plan.
When a pilot does not follow his assigned flight procedures, the supervisor takes
the appropriate steps to see that the pilot corrects his error and that the cor
rective action is not included in the calculations of the performance measures.
The supervisor also continually updates the reforance "comimand" flight para
meters used by the computer program and alters workload by either increasing
communication demands or changing the flight conditions.

Throughout the flight run, the computer controls the advancement of the shde
projectors, records the detection data, and compares conmmand flight parameters
with actuial real-time analog samples from the GAT-I. At the end of the flight,
the data are summarized and printed out by the teletype.

Photographs of the Visual Detection Simulator ire presented in Figures 1 1
1-2 and 1-3.
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PHYSICAL HARDWARE DESCRIPTION

This section provides a brief description of each mojor hardware compon'rnt
uscd in the VOS system. More detailed treatment of these components and
their intorrelationships is provided in other sections of the manual.

A. PROJECTION _CREEN

The projection screen is an assembly of 28 separate sections individually
mounted to a support structure. Each section is a standard 1.02 metcr
x 1.02 meter (40" x 40") Kodak Ektalite screen that has been carefully
cut to a tapered width to obtai, butt joints when mounted in a spherical
configuration. The individual btions and the composite screen have
spherical surfaces with a radius of 4.57 meters (15 feet) covering 1760
in azimuth and 250 in elevation with respect to the focal point, the
pilot's eye position in the GAT-1.

The total azimutha! field-of-view (FOV) is sub-divided into 14 sectors
wit!i each covering approximately 12.550. Each sector includes two vertically
stacked screens and is illuminated by a dedicated nrojector-pair that operates
in an alternating sequence. Al' 14 sectors are filled with contiguous, pro-
jected im3ges and provide a continuous panoramic view.

The important characteristics of the VDS screen stem from the directiondl
gain of the Ektalite design. The gain with respect to a matte surface is
approximately ten, which yields a ten-fold ircrease in brightness. The
directional gain of the screen minimizes reflection of incident ambient light
from angles outsid- the lobe. (hese factors permit viewing projected stimuli
with full color saturation 2under high ambient lighting conditions.

B. PROJECTION BOOTH

All projectors, dissolve units, and slide trays are housed in an enclosed

elevated projection booth behind the GAT-1. Environmental controls have
been included in the booth for maximum protection of the equipment and

slides. There is an air conditioner and a humidifiar to control temperature

and humidity. A combination of an electrostatic precipitator, filters, and a
positive pressure differential are used to remove dust. An automatic wash-
ing machine within the booth permits periodic slide washing without the
necessity of removing the slides from the trays.

2-1



C. PROJECTORS AND DISSOLVE UNITS

A dedicated pair of Kodak Ektagraphic 35 mm slide projectors illuminates a

12.550 x 200 sector on each screen. The projectors provide precise vertical
and horizontal slide positioning. A Dissolve Unit controls each projector
pair by successively selecting alternatd projectors, advancing slide trays, and

maintaining constant screen illum~nation during projector switch-over. With

2 synchronously ;witched projectov's por screen sector, 140 slides per tray,
and a 10-second interval between dlide presentation, the longest visual

scenario is 47 minutes.

D. SLIDES

All photog-aphic flights were made with seven motor-driven Nikon cameras

boresighted for a contiguous field. Kodachrome II color film was used in
order to maximize re-olution and to minimize graininess. After processing,
individual slide frames were cemented on specially selected glass with precise
registration -.127 millimeters (_.005 inches). The glass provided dimensional

stability and maintained the entire frame in proper focus. Precise registration
was essential to minimize and control gaps and overlaps along the edges of

adjacent projected images on the s•,rean.

In excess of 30,000 slides of ai"craft in collision and near-miss encounters

were produced in a previous photographic flight program at NAFEC for

the original PWI experiment for the FAA. An experimental scenario requires
3920 slides (14 projector pairs with 140 slides per tray).

E. GAT 1

Simulated flight conditions and workloads are providecd by the GAT-1 general

aviation trainer manufactured by Link for flight and n.vigation training. It
provides training in both contact and in,, ment flight skills for single engine
light aircraft. The pilot's station is typical of the left seat arrangement of a

two-place, side-by-side, light aircraft. Control and indicators are also typical

of those found in light aircraft. The instructor's control panel, normally
located on the right-hand side of the cockpit shell aft of the trainer door,

has been relocated on the supervisor's panel for the VOS. An X -Y plotter
recorde- is linked to thes trainer to provide a graphic record of the flight
path during a simulated flight.



F. NAVIGATIONAL AREA PROGRAMMING PANEL

A navigational programming panel is located on the back of the Supervisor's
Console with extended ribbon cable linking the modules to the appropriate
circuit cards in the GAT1. This panel consisting of pitontiometers and plug-
in patch panels has been developed for the VDS to allow ready programming
of the simulat..d navigational systems. The panel has provisions to select two
ILS, six VOR, and four ADF station frequencies, station calls, and station
locations within a 120 nautical mile square area, This panel along with the
X Y plotter, provides the VDS ,ystem with the flexibility to change the
navigational area to fit any flight plan necessary to meet experimental require-
nments.

G. MINICOMPUTER

A DEC PDP-8/e minicomputer ;ontrols the projection system, monitors
flight parameters, computes a figure-of-merit for the quality of piloting,
and records times of visual detection and target posi~on reports by the
pilot. The computer is a 12-bit machine equipped wih 16K of core mern
ory, Listed below is a brief description of the I/O deoices and peripherals
which are connected directly to the PDP8/e omnibus,

1. Teletype, LT33

This unit is a standard low-speod (10 character per second) ASR-33
tolotype. A keyborad and paper tape reader tire provided for computer
inputs, and hard-copy outputs are available as coded holes on paper
tape and as standaid English text on continuous roll paper.

2. Paper Tape Reader

A fast paper tape reader (300 characters per second) is provided to
rtduce the time required to input pro run data during VDS experiiments.
This unit is mnountad in the PDP 8/e computer tack.

3. Digital I/Os

Six digital I/O modules aire plug")d into the omnituis in the maiI

computer drawer. Fitch device provides 12 iindoelmdoit input and out

put bits. These devices form the interface between the co'mputer and
aill external digital input and output devices. Typical signals include
projoction contmol and all switch ! 'ipms omi the Supervisor's Conisole.

2.



4. A/D Converter

An A/D converter and multiplexers are mounted at the top of the

computer rack. These devices sample continuous analog signals from

the GAT-1. Typical signals are roll, pitch, heading, altitude, altitude

rate, and airspeed.

5. Real-Time Clock

A programmable real-time clock installed in the PDP-8/e generates

the timing signals for VOS control.

H. SUPERVISOR'S CONSOLE

All experiments are run by a supervisor from a Supervisor's Console which

includes input controls, output monitors, and reference displays. Rotary,

toggle, and thumbwheel switches are provided to enter assigned heading,

airspeed, and bltitude into the computer which serves as reference values

for calculating "piloting" fieures-of-merit. Repeater aircraft instruments

permit real-time monitoring of flight parameters by the supervisor. A

microphone and headphone linkage with the trainer allows for communi-

cation between the supervisor and "pilot" and allows for simulated air

traffic control during flight. The supervisor also has a running-time clock

with Start, Stop, and Continue oushbutton control- for experimental runs.

JUNCTION BOX

External to the computer, all digital signal routing, processing, buffering,

and switching are implemented in the Junction ,1ox. All cables for dis-

tributing digital I/0 sigeals between the computer and the Supervisor's

Console, the GAT-1 displays, the pilot detect button, and the projection

system either emanate from or terminate at the Junction Box.

24



VDS COMPUTER CONFIGURATION

GENERAL

The VDS is designed around a PDP-8/e minicomputer manufactured by Digital
Equipment Corporation (DEC). Table 3-1 lists VDS peripherals, options, and I/O
devices which are also manufactured by DEC and are described in a series of
DEC published handbooks, manuals, and brochures. Figure 3-1 illustrates the flow
between the computer omnibus, standard peripherals, and I/O control devices.

The PDP- 8/e is a 12-bit machine with 1.2 microsecond cycle time. The VDS
configuration has 16K of memory to accommodate a large number of program
instructions and floating-point arithmetic. A standard slow-speed (10 characters
per second) teletype provides a keyboard input channel, a paper tape
punch output, and hard-copy English text outputs. The VDS also includes a
fast (300 characters per second) paper tape reader for program loading and
real-time inputs.

VDS timing is controlled by a programmable real-time clock which is plugged
into the PDP-8/e omnibus. Most VDS operations and I/O data transfers are
programmed to take place on a fixed schedule. The clock generates time
markers every 0.01 second, and a 24-bit word in memory is incremented by
one count at each tick. This provides a maximum, unambiguous time base
of 47 hours with an accuracy of 0.01 second.

Precise VDS time-keeping, at least for the duration of an experiment, is also
required for recording detection times. In this case, the input is an unscheduled
interrupt I/O transfer rather than a scheduled programmed transfer.

All digital data transfers in the VDS are made using digital I/O modules. Each
of these devices provides 12-bit output and input channels. All inputs and out-
puts have negative T' I logic levels; i.e., true signals are 0 volts and false signals
are +5 volts. Jumpers are provided so that each input bit can be wired for
level or edge detection, and for interrupt or programmed data transfer. In the
VDS, START, STOP, SUSPEND, CONTINUE, DETECT, DETECT SECTORS (14),
and DETECT ERROR inputs are jumpered for leading edge detection and interrupt.
All other digital inputs are static "command" flight parameters which are jumpered
for level detection and programmed sampling.

The computer regularty (every 5 seconds) compares these digital "command"
flight parameters with actual real-time samples of GAT-1 analog signals. An
analog-to-digital conversion system with signal multiplexers implements this
sampling and conversion. Programmed addressing, gain control, and bipolar
operation permit 10-bit conversions for a wide range of signal levels without
external level set amplifiers and inverters.

3-1
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II. DIGITAL SIGNALS

Figure 3-2 shows all VDS digital signals at the computer digital I/O interface. Some
knowledge of the Digital I/O Modules and the Junction Box is essential to under-
stad•_ the role of these signals in VDS operation. The essential fuatures are described
here. Note that all digital VDS signals pass through the Junction Box; i.e., all cables
emanating from Digital I/Os terminate at the Junction Box. There are eight such
cables and they connect to DC50(J2), DC51(J2), DC52(J1), DC54(J1), DC55(J1),
DC55(J2), DC56(J1), and DC56(J2).

Each Digital I/O (DR8-EA) in the VDS provides physically separate 12-bit output (JW)
and input (J2) channels. These devices are addressed by the computer according
to the device codes (DC5X) indicated in Figure3-2. Every bit position (0 through
11) can be treated as a separate I/O channel with independent computer control of
data transfer. All output data are represented as standard but inverted T2L logic
levels; i.e., 45 VDC is false and GND (0 VDC) is true. Input signals must also use
this inverted logic. All input bit positions can be independently connected for (a)
level or leading-edge detection, and (b) programmed or interrupt data transfer. Two
sets of jumper* are available to implement selected options. Normally, leading-edge
detection is used when one wishes to record the occurrence of short-term events,
and level detection is used when one wishes to sample signal status. All inputs on
DC50 and DCE1 are wired for edge detection and interrupt data transfer. All inputs
on DC55 and DC56 are jmpered for level detection and programmed data transfer.

ill. ANALOG SIGNALS

There are nine analog VDS inputs to the computer's analog to-digital converter. The
signals which originate from the GAT, to the computer, are as follows:

1. Sine of the roll angle
2. Sine of pitch angle

3. Sine of heading
4. Cosine of heading I4

5. Indicated airspeed
6. True altitude
7. Rate of climb
8. VOR deviation
9. Bz.rometric pressure

Currently, the sine of the roll angle and sine of the pitch angle are ,iot being
monitred by the VDS system. Thu other signals .me used to calculate figures
of-mewr which allows for assessment of flight performance.

Tabie3-11 lists the source of the signals and briefly describes their characteristics.
Details of these signals can be found in the manufacturer's litetaturto.

34
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IV. JUNCTION BOX

As noted earlier, all VDS digital computer input signals pass through the Junction
Box on their way to DC50. DC51, DC55. and DC56 (DC52 and DC54 are not
presently being used). For all of these signals the Junction Box simply provides
multiplexing between input and output connectors for proper signal routing, For

the output signals the Junction Box also provides logic, switches. and drivers.
These Junction Box functions are: a) NOR gates for conversion from 10 x 10
lines to 100 lines; b) slide control signals, signal inversion, relay drivers, and

relayt; c) lamp drivers; d) drivers for tone oscillators; and e) a oneshot
for the detect button in the GAT,

The Junction Box is a simple ass.mbly c-' eight connector blocks. Each block
has 8 slots for 36 pin connectors on one side and 36 wire wrap pins on the
opposite side. The entire tssembly accommodates 64 modules.

V SUPERVISOR°S CONSOLE

Located in the supervisor's panel are rotary, toggle, and thumbwheel switches
which serve is itpsit controls to provide assigned heading, airspeed,and altitude
values to the computer. The pushbutton switches on the panel serve as digital
input for designating the screen panel on which a target was detected and for con

trolling an experimental run. All switches connect directly to signal lines with no
interface circuitry. The push button switches are normally open and 101onient
arily short the signal line to ground when depressed. The other switches present
a short to gound on "true" bit position.

Located on the main panel is a running clock with Stop, Start. and Reset controls.
Although the clock is controlled by switches which are part of the computer
system, it is governed by its own circuitry and has a separate ground.

VI. PROJECTION SYSTEM CONTROL

The Projection System includes 14 pairs of prolectors with each pair being controlled
by a dedicated Dissolve Unit. In real time these units are controlled by four
control signals (SL ADV LFT, SL ADV RGT, SK EVEN, and SK ODD). SL ADV

LFT controls slide advances of the 7 projector pairs which illuminate the left half
of the projection screen. SL ADV RGT controls slide advances of the 7 projector
;mirs which illuminate the right half of the screUn. SK EVEN cxntrols slKie skips
in the 14 "even" projectors, and SK ODD controls slide skips in the alternate set
of 14 "odd" projectors,

Relays in the Junction Box isolate the low level digital soigals and conmpjtor
ground lines from the projection system. All four signal mints are relay closures
which toggle a second set of relays in the Polection System
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VII. INTERCABLING

Figure 3-2 illustrate% VDS intercabling and connectors. Taibe-3411 summarizes the same
information.
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VDS COMPUTER PROGRAM

1. INTRODUCTION

A PDP 8/e mini-computer serves as a controller and real-time data analyzer for
the VDS System. The main program and most of the subroutines ate written
in Digital Equipment Corporation (DEC) 8K Fortran, whereas, the input/output
subroutih-% fir the peripheral k4evices are written in SABR (Symbolic Assembler
for Binary Relocatable Programs,. In total the VDS program requires 16K of
memor,".

The VDS System was originally developed by the Fedeul Aviation Agency to
asses% the effectiveness of three display/alarm pilot warning instruments (PWI) in
reducing the probability of mid-air collisions. Since most of the VDS computer
program can be easily modified to meet research needs, the program has been
left completely intact. At present, subroutines written specifically for the PWI
(aural alarm, sector display, head-up display) are not currently being accessed,
This is accomplished by setting the necessary parameters to zero on the paper
tape input. The subroutines not being used are SCTR, AURAL, HDUP, and
HUD (I,J).

The VU.S computer program listing is included, and discussion of the use and
purpose ot each part of the program is presented below. Input, output, error
messages, program loading, and data transfer to HP2100are also described in this
section.

II. MAIN PROGRAM

The main program reads the input (see Part V) from the Teletype (TTY) and
the fast paper tape reader (PTR), and cycles through a closed loop, checking
whether ry of the peripherals have to be serviced. A simplified flow chart is
shown in Figure 4-1.

The first subroutine called is the SABR subroutine INIT which sets the correct
initial conditions. The SABR subroutine RPPT reads the PTR and deposits the
information in the memory in an array IRAY. The Fortran subroutine DECOD
decodes the information deposited in IRAY. The trial is started by pushing a
START button on the Supervisor's Console; this button is monitored by the
SABR function IFLAG.

The Fortran subroutine TIMER is called frequently to check whether the intruder
detection button has been pushed by the pilot.

4-1
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The iriput intruder angles are corrected for yaw, which is obtained from the
SABR function IADC (0). To display this informatior. one or two Fortran
subroutines are called: AURAL for an audible alarm, SCTR for a 300 sector
display, HDUP for a heads-up display with a 20 accuracy. The possible com-

binations during an experiment are: if TTY input NDSPL=1, AURAL alone;
NCSPL=2, AURAL and SCTR; NDSPL=3, AURAL and HDUP. For demonstra-
tion purposes all 3 displays can be turned on simultaneously by setting NDSPL=4.

The Fortran subroutine MERIT is called to calculate the figure-of-merit. The
Fortran subroutine SLIDE is called to turn on and off signals to advance slides
and to skip slides.

The main program goes through the loop shown in Figure 4-1 many times during

the interval a slide is projected. The various subroutines are called at time
intervals which are determined from the TTY input, described in more detail in
Part V. The present time is obtained by calling TIMER or the SABR function
TIME (0). At the end of the trial MERIT is called with the next to the last

argument set equal to 500; this produces TTY output from MERIT as described

in more detail in Part VI.

The main program occupies 18 pages in the PDP 8/e memory; in additioo. 4

pages are occupied by common storage.

I1l. FORTRAN SUBPROGRAMS

The Fortran subprograms were written by Vic Mangulis of Questek, Inc.

A. Subroutine MERIT

Since subroutine MERIT is just as long as the main program, it is divided into
six parts, and the first five parts are executed at different times to avoie time
delays in the servicing of other peripherials; the sixth part provides TTY out-
put at the end of a trial.

MERIT calculates, for five flight performance quantities, the peak value, the
sum-of-squares, and the number of terms in the sum for the difference be-
tween a reference quantity set on the Supervisor's Console and the actual

value obtained from GAT1 which is called a "figure-of-merit." The ,e I
flight performance quantitik i are: 1) altitude rate or 2) altitude, 3) speed,
4) heading, or 5) /OR deviation. Either 1) or 2) is calculated at any time,
not both. Altitude rate is for calculation during climb or descent; altitude is

for calculation during level flight. A switch on the Supervisor's Console
specifies which altitude performance measLre should be calculated. Similarly
either 4) or 5) is calculated, not both, and ^he choice is indicated by a
switch on the Supervisor's Console.
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Furthermore, the figure-of-merit is classified according to the alarm state,
and a separate tally is kept *or each state. The following states are used:

1) No PWI alarm, no targets detected.
2) No PWI alarm, but there are targets which the pilot has detected.
3) A PWI alarm has been given, but all of the targets hrve not been

detected yet.
4) A PWI alarm has been given, and all targets have Leen Jetected.

In addition to the alarm state the figure of merit is also calculated separately
for a level flight and for a climb/descent; thus there are eight separate tallies
of the figure-of -merit (2 altitude states x 4 alarm states. See Part VI ).

MERIT calls Fortran subroutine REF to obtain the flight performance reference
qtuantities from the Supervisor's Console. The calculation of the figure of merit
fcr all five quantities is suspended for a time interval TDLY whenever any
reft'rence quantity is changed, and the particular quantity which is changed
is su~oended for an additional time interval XDL which is calculated as (the
differbice in reference quantities)/(rate of change IRTE for that quantity -
and input). A change in VOR is indicated by changing the heading reference
switch.

GAT 1 heiding is obtained from the A/D converter by calling the SABR
function, :ADC (2) and IAOC (3) for the sine and cosine of the heading
angle Pid then calling the Fortran function XANGLE to obtain the angle
as the arctangent of s-ne/cosine. Other quantities are obtained from IADC
with other arguments: see IADC in Part IV, Section IV,

Altitude rate is assumed to be either 0 (level flight), +500 ft.,sec., or .500 ft/sec.;
whether the flight is supposed to be level or a chmn descent is input from the
Supervisor's Con$a1e and decoded by REF. In case of climbdescent MERIT
decides whether it is supposed to be a climb at 500 ft. sec. or a descent at
-500 ft./sec. by a comparison of present altitude and the reference altitude.

MERIT occupies 18 pages of mamory.

B. Subroutine REF

REF calls SABR functions IREAD (0) and IREAD (1) to obtain the bits set
equal to 1 on digital IO devices DR8.EA with codes 55 ind 56, respectively.
The contents of the devices are set by switches on the Supervisor's Console,
ad are decoded by REF so as to yield reference quantities for MERIT.

RE F occupies 1. pages of memory.
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C. Subroutine TIMER

TIMER transmits the paresent value of time through common storage to other
parts of the program. Time is obtained by calling the SABR function TIME (0).

When the pilot presses the detection button in GAT-1, the time at which it is pressed
is recorded by the digital I/O device DR8 EA with code 50; TIMER calls SABR
function TCH 13 (0) to find the value of this time. If a detection has not
occurred since the last time TCH 13 was called, TCH 13 returns the value zero.

When a d:teoAtion has occurred, tha angular positions of all visible targets
are recorded. Next TIMER expects a screen panel number from the switchrA
on 'h- Siiner'vior's Console, which is read by SABR function ICH 13 (0). The
I n-,", r (1 through 14) is matched up with the nearest visible target with.
in *2011 of the center line of the panel; and the target number, the panel number,

and th, detection time are recorded for output at the end of the run. If there
is no visible intruder within + 200, a target number of .1 is assigned to this

detection. If the panel number is 15 (an error indication from the Supervisor's
Console), a target number of .1 and a panel number of -2 are assigned. If the
p,,'iel button is not yet pressed TSUP seconds after the detection, a target
number of -1 and a panel number of 1 are assigned.

If the pilot presses the detection button again within 1 second of the previous
detection, it is ignored (to a%'oid multiple detections due to switch bounce).
If the target is out of the normal field of view (+ 880) due to yaw, a 100 is

added to the panel number Uipon detection.

While the computer waits for the panel number, other functions are performnd
normally; i.e., TIN E R is called sevaral times each second, each time TIM E R
checks whether panel number has been recorded (if the value of ICH 13 (01
other than zero), ind if not, control is returned to main progranm.

TIMER occupies 7 pags of memory.

D. Subroutine SCTR

SCTR activates the sector display. If one target is located in one of the six
sectors (with boundaries at 00, +300, + 600, and + 900, where 00 is the center
of the screen), the light in that sector is turned on for the duration of the alarm.
If more than one target is located in a sector, the light flashes. The light is turned
on by calling the SABR subroutine DRSET; it is turned off by calling DRCLR.

SCTR occupies 4 pages of the memory.
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E Subroutine HDUP

HDUP activates the heads-up display which consists of lights 20 apart
around the GAT1 cockpit window. If a target is located within one of the

20 sectors, that light is flashed. There are 88 lights, numbered from 6
to 93 from left to right so that the lights on both sides of the screen's center
are numbered 49 and 50.

To turn on a light, SABR subroutine HUD is called with two arguments:
the first argument indicates the units digit, the second argument the tens
digit of the light number. To turn off all lights, HUD is called with both
arguments equal to zero. Four lights can be flashed during a normal display
cycle; if more than four targets are present, then the display will be cycled
through all targets, for example, for 6 targets it will display 1, 2, 3, 4 the
first time; 3, 4, 5, 6 the next time; then 5, 6, 1, 2, etc.

HDUP occupies 3 pages of memory.

F. Subroutine AURAL

AURAL activates the audible alarm; a beep is heard for each target, up to a

maximum of 5 beeps. The sequence of beeps is repeated at intervals of TAUR
seconds (an input), To turn the alarm on and off, AURAL calls SABR sub.
routines DRSET and DRCLR.

AURAL occupies 2 pages of memory.

G. Subroutine SLIDE

SLIDE changes slides (only on left or right, or on both sides of screen) and
skips slides in the tray which is not being projected. SLIDE calls SABR sub-
routines DRSET and DRCLR to turn changing and skipping signals on and off,

SLIDE occupies 3 pages of memory.

H. Functions XANGLE and XX

XX provides a simple but sufficiently accurate arctangent of its argument for
angles between -450: XANGLE provides an arctangent for angles between .1800,
it first examines the sine and cosine (arguments of XANGLE) for sign and mag
nitude, and then calls XX.

XANGLE occupies 4 pages and XX 1 page of memory.
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I. Subroutine DECOD

DECOD converts digits stored in an array IRAY into integers from 0 to
2047. PTR deposits digits from the paper tape into IRAY while the rest •
of the progranm is being executed. Those djigits are then decoded by DECOD
according to the format specified.

DEC0OD ccupies 3 pages of memory.

J. D ig~tailEquipm~ent Corporation's 8K Pa!per TaeFotaLbrrurgtms

The following standard DEC Fortran library subroutines are used. I

1) IOH, 11 pages of memory, handles TTY input and output

2) FLOAT, 6 pages, does floating point arithmetic
3) INTEGER, 2 pages, handles integer arithmetic
4) UTILITY, 1 page, initializes TTY
5) ERROR, 2 pages, prints encountered errors
6) SUBSC, 1 page, calculates addresses of subscripted array variables

The subroutines are described in "Programming Languages," PDP-8 Handbook
Series published by DEC, pp. 15.55 to 15.63,

I\V. SABR SUBPROGRAMS

The SABR subprograms for VDS were written by Charles Romeo of the DEC
office in Waltham, Massachusetts. They occupy 4 pages of memory, and they
handle input and output on the peripherals.

A. Fun~c~ti on nTI!M E (0.)

TIME returns current timle in units of .01 second ,,,'- the DK8.E
real-time clock, Time is set equal to zero aJt the instant when the START
button is pressed on the Sup>ervisor's Console. D is a dummy alrgument;
any value can be used.

B. Function IADC (N)

I ADC returnls COnltents of A" D converter channel N, O0 N 8 The. A, D
converter is connected to outputs from GAT 1 and the Supervisor s Consol,.
N 0 returns the sine of yaw angle. N - 1 is riot used. N 2,and 3 qi~ve the
•iiw and cosine of the heading angle respectively. N 4 returnls,*irspeed., N !i
tre .iC ltitude, N 6 ralte of climlb, N / VO R deviation, N :8 ba•rornietr ic prewi.lr ,
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C. Function IFLAG (D)

IFLAG monitors the START, STOP. and CONTINUE buttons on the Super-
visor's Console. D is a dummy argument.

D. Function ICH13(D)

ICH 13 monitors the screen-panel number buttons on the Supervisor's
Console. D is a dummy argument, When a screen. panel. number button is
pressed, ICH 13 is set equal to the panel number; it is returned to value
zero when it has been read by TIMER.

E. Function TCH 13 _()

When the pilot presses the detection button, TCH 13 is set equal to the time
at which this occurred. TCH 13 is zeroed when it has been read by TIMER.
D is r dummy argument.

F. Subroutne__HUD_ A-J

HUD is called by HDUP to activate the heads-up display. 1=21'" and J=2 1 1 T

where U and T are the units and tens digits of the heads-up display light number.
HUD outputs I and J on DRB EA d'vices 52 and 54.

G. Subroutines DRSET (1,J) and DRCLR _(IJ)

I designates a DR8.EA device code, 1-0 corresponds to device 55; I11 device 56.
If B is the bit position on the DR8-EA, 0 - B 11, then B=211 ', DRSET
sets bit B equal to 1 on device designated by I DRCLR sets bit B equal to 0,
Programs which call DRSET and DRCLR must be located in the same field of
memory,

H. Function IREAD 0I)

I has same meaning is for DRSET and DRCLR IREAD returns the contents
of the device designated by I
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Subroutine INIT

INIT sets up gains for A/D channels, disables unnecessary interrupts (TTY,
etc.), enables interrupts on DR8-EA devices 50 and 51.

J. Subroutine RPPT_(IRAY)

RPPT enables the computer to read paper tapie input through the PTR on
an interrupt basis while the rest of the program is being executed. A call
to RPPT deposits one record from paper tape in memory in an array IRAY,
starting at location 2. A record is terminated by a colon, line feeds are
ignored, only zeros or positive integers are allowed. IRAY (1) is used to
monitor reading; it is 0 if reading is still in process, greater than 0 if finished
without errors, less than 0 if errors encountered,

V. INPUT FROM TTY AND PTR

A. TTY

The input format is specified in the program listing, we. Part IX.

NUMB: pilot identification number,
NDSPL: display number, see Pait 11.
IRTE(N), N=3,4,1: rate of change of a flight performance quantity,

see Part I11.
TUPDT: time interval at which display is updated, also, duration of

sector display light flash if more than one target in sector.
TDLY: time interval during which figure of merit calculations are

suspended, see Part lilA.
TAUR: time interval at which sequences of beeps are repeated
TBEEP: duration of a beep.
TREPT: duration of signal transmitted to projectors to advance o•r skip
TSUP: maximum time which the computer waits for a screen panel

number after detection, see Part III.C.
TSLID: time interval at which slides are changed.
TMERT: time interval at which figure of merit is calculated.
TIMO: time at which display up|dating and sector display cycle is boqun.
TIM1: time at which figure of merit calculations are egtiun.
TIM2: time at which slide advance is begun.
TIM4: time at which first audible bee)p is begun.
TIMS: time at which beep sequence is begun.
TIM6: time at which heads tip display cycle is beqtin.
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B. PTR

Only positive integers or zero are input through PTR. End of a record is
indicated by a colon. Line feeds are ignored,

A heading for each paper tape consists of scenario number (5 digits), number
of slides in scenario (4 digits), a PWI number (4 digits).

The s'enario number is coded as follows:

1st digit identifies slide scenario, 1-4
2nd digit - 0 for no PWI

- 1 for PWI with alarm range of 9000'
- 2 for PWI with alarm range of 15,000'

3rd digit - 0 if no false alarms
= 1 for 1 false alarm
= 2 for 2 false alarms
= 3 for 5 false alarms

4th digit = 0 if no missed alarms
I if 10% of alarms are missed

- 2 if 50% of alarms are missed
5th digit = 0 if no skipped slides, high traffic density

- I if slides are skipped, low traffic density

Nextfor each slide the following integers are input;

L2 (3 digits): slide sequence number
MDVS2 (2 digits); number of PWI alarms for visible targets
NDTV2 (2 digits): number of visible targets which have not generated

PWI alarms
MDIN2 (2 digits): number of PWI alarms for invisible targets

NSKE 1 (1 digit). number of slides to be skipped in even tray; also,
if 5 or greater, stops or restarts slide advance on the
right side of screen

NSKO 1 (1 digit): number of slides to be skipped in odd tray, also, if
5 or greater, stops or restarts slide advance on the
loft side of screen,

If either MDVS2 or MDIN 2 is not zero, the paper tape will contain also

the following (MDIN2 first thon MDVS2) for each target: 1

INTR2 (2 digits): target identification number
JF2 (2 digits): angular position of intruder expressed as the heads-up

display light number
IDTB2 (2 ofigits). pulse at which PWI alarm should be turned on (PWI

pulses are assumed to arrive at 0.5 second intervals)
IDTE2 (2 digits). pulsa at which PWI alarm shold be turned off
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If NDTV2 is not zero, the above will be followedby INTR2and JF2 for
NDTV2 targets.

The very !ast entry on the tape should be the above input for a slide sequence
number which exceeds by 1 the actual number of slides; this will trigger the
hardcopy output for the experimental run.

VI. OUTPUT ON TTY

At the beginning of the trial the TTY echoes the input and types out a heading
with a scenario number, PWI number, display number, and pilot number.

At the end of the run, 2 groups of numbers are output- a) figure-of merit data.
b) detection data.

The figure. of -merit data consist of 40 rows and 5 columns. The first column
contains an integer from 1 to 8, which indicates the alarm state and altitude
rate state for the calculation:

1 PWI alarm is on, all targets have not been detected yet, pilot is still
searching; levjl flight

2 PWI alarm is on, all targets datectei level flight
3 no alarms, no detectad targets, level light
4: no alarms, but targets have been detected, level flight
5. same as 1, but climb descend

6. sam,: as 2, but climb/dascend
7: sa,;me as 3, but climbdescend
8: tame as 4, but climb descend

Tha sacond column contains ain integer from 1 to 5 and indicates the type of
flight performanca quantity

1 altitude rate
2: altitude
3: airspeed
4: heading

5: VOR deviation

The third column shows tho number of terms in the sum of squares, The fkijrth
column shows the sum of squares of deviations, the fifth columni shows pxeak

deviation. The units are: 1) for altitude rate one unit is 24.4 ft. in., 2) for -

altitude one unit is 13 ft., 3) for airspeed o01 uWilt is 0,945 kr.it; 4) for h'.,d
irg one kinit is 10, 5) for VOR deviation one unit is a dt-iatio., of 0 09760
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SII

For some combinations of columns I and 2 there will be no entries in columns
3, 4, end 5 because the combination cannot occur; e.g.. during level flight 4-8 i:n
C.tumn I and 2 in column 2 will have zero entries because altitude deviation is not
calculated during climb/descent. Space was still allowed for such impossible entries
because it required less computer memory to accommodate such entries thAn to
check and bypass them.

The detection data consist of 3 columns.

The first column shows the target number. A I will appear if: a) there was no
target within 200 of the centerline of the indicated screen panel, b) the screen
panel button was not yet pressed TSUP seconds after the detection button had been
pressed, c) the error button was prssed instead of the screen panel button.

The second column shows the screen panel number for the detected target, usually
an integer from I to 14. A 100 will be added to this number if the target was
out of the normal fielc of view (+880) because of yaw. A -1 will appear if the
screen panel button was not pressed TSUP seconds after ditection. A .2 will
appear if the error button was pressed.

The third column shows the time in seconds at which the detection button was
pressed.

VII. ERROR MESSAGES

The following error messages are typed on TTY by the Fortran program:

READ ERROR XXX: at slide sequence number XXX.either the SABR
subroutine RPPT found an error in the paper tape read by PTR, or the
slide sequence numLer on the tape does not match the taliy kept by the
computer.

DIGIT ERROR XXXX YYYY: the number XXXX element of the PTR
input array IRAY cannot be decoded by Fortran subroutine DECODE as
an Integer between 0 and 9: instead it has the value YYYY,

The following error messages are typed on TTY by DEC's 8K paper tape Fortran
Library subroutine ERROR, and they are discussed in more detail in "Programminli
Languages." published by DEC. pp. 15-87 to 15 88;

4 12



DIVZ: attempt to divide by zero
FMT1: multiple decimal points
FMT2: E or "." in integer
FMT3: illegal character in I, E, or F field
FMT4: multiple minus signs
FMT5: invalid format statement
FPNT: floating point error; may be caused by division by zero, or

floating point overflow, or attempt to fix too large it number

VIII. PROGRAM LOADING

The program is loaded into the computer by the use of DEC's 8K System
Linking Loader. The procedure is described in "Programming Languages,"
ptublished by DEC, pp. 13 -55 to 13 -57. T.tble4.1 presents the progam
name, field setting, and seqttence on which to load the program.

The following restrictions should be robservod: a) a program that uses
common storage, either the main program (also called VDS),or MERIT,
TIMER, or DECOD, must be loaded first; b) the SABR subprograms
that are all punched on a paper tape marked UUEST. 15, must be loaded
into field 0; c) all programs that call DRCLR and DRSET (SLIDE,
AURAL and SCTR) must be located in the same field,

IX. DATA TRANSFER TO HP2100 MINICOMPUTER

The VDS data are to be analyzed off-line on a Hewlett Packard 2100 mini.
computer. A Fortran IV package has been developed which transfers the
VDS paper tape output to disk and magnetic tape files on the HP system.
The package is comprised of four programs, VDATA, SET, READV, and
READD.

A. VOATA

VDATA is the main program in the Fortran package. The program
has two primary functions. First, it reads the VDS input data and
simultaneously creates a disk file and a mag tape file for each indivi
dual. The disk file is named VXXXX where XXXX is the subject's
four-digit identification number. The first record of each mag tape
file contains the name VXXXX for identification.
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The second function of the program is to update the index Mile, VINDX.
With each program run, VINDX is used to determine the next available
mag tape file which can be used for the data storage. This file is con.
tinuallV updated so that the VDS files can be Aquentially stored on
one tape. VINDX is located on the disk, and each updated version is
written on the last file of the magnetic tape.

The paper tape output from an individual's VDS run comprises the data
for each file. A -9 ASCII value must be added to the final paper
tape output. This value is recognized by VDATA as an end-of-file mark
for a subject's data.

B. SET

SET initializes the disk file, VINDX. VINDX is the index file for the
magnetic tape and contains the file number for each subject VXXXX.
This file is aidressed by VDATA in order to determine the next avail
abe file whiti can be used to update the file when data have been
stored on the magnetic tape.

C. READV

READV is a fortran program which reads the inoex file and displays
the contents on the CRT

D. RE ADD

READD reads the contents of a disk file. To check a magnetic file
transfer the contents of the file to a disk file and use READD.

t. PROCEDURES

1. Load VDS Disk Pack
2. Run SET. This should only be used once when storing the first

file otherwise the index file will be destroyed.
3. Load the VDS magnetic tape,
4. Put the paper tar)e input into the tape reader
5. Run VDATA.
6. If a -9 ASCII value has not been added to the tape, place a *,

tape that contains this value in the reader Aiter the data inpot has
been read.

7. Run READD to check the new files,
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Table 4-1

Program Name Date Lest Revised Field Setting

VDS. Assembled (Main Program) 1/22/74 1

QUEST. 15 6/14/73 0

SLIDE. Assembled 5/18/73 0

AURAL. Assembled 4/13/73 0

SCTR. Assembled 6/14/73 0

TIMER. Assembled 1/22i74 0

HDUP. Assemblod 604/73 0

XANGL. Assembled 6,14,73 0

XX. Assembled f 14,73 1

DECOD. Assembled 1 2274 1

MiERIT. Assambled 1 22 74 2

REF. Assembled 1 31 74 2

DEC FORTRAN LIBRARY*,
PART 1, Program 1 3

PART 1, Program 2 3

PART 1, Program 3 1

PART 1, Program 4 2

PART 1. Program 5 1

PART 2, Program 1 3

"Several of the programs are punched together on the sme tape. The computer will
stop after each program.
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X. PROGRAM LISTINGS

A. VDS FORTRAN PROGRAMS
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C PRO0 G RA M VD S
COMMON KDETLDETMTOT2, INTR2,dF2,Tlil,MDIN2,TT,:4'IUMB
1 ,JDR,JP, IRAY,TSUP
DIMENSION IDTB2(10), IDTE2(10),LDET(70),INTR2(10)
I ,JF(I0),NSK(4),MDSP(6),TTC70),JDR(70),JP(12),p

P 2 JF2(I0),IRTEC4),IRAY(100)
CALL INI?
CALL RPPTCLRAY)
READ (1,50) NUMBNDSPL,IRTE(3), IRTE(4), IRTE(I ),TJPD1'
I ,TDL",TAUR,?BEEP,TRET,TPROJTSUP

50 FORMAT (14/414.,3F12.6/4F12.6)
READ (1,55) ?SLIDTMIERT,TIMO,TIMI ,TIM2,TlM4,T!M5,Tll6

q5 FORMAT c5F10.5/3F10.5)
'?*"ITE (1,60) NUMB4:JDSPL, I"TE(3), IRTE(4), IRTE(1 ),TUPDT
1 ,TDLY,TA'Y"','53EEP,-TRE-P?,TP.30JTS;UP

63 FORMAT ( 'o14/41/4,3Fl2.6/4Fl2-6/)
WRITE (1,55) TLDIII1T!2TMI5IM
CALL DZ0ODc2i3,KDSP)
CALL DECOD(5,2pNPL3)
CALL DECODc7,4,N*SL)
CALL DECOD(! 1,4,JDS0?)
WRITE (1,223) -D?.;SDP.3LNU1

1 14,1 PILOT: ',15//)

TEPJD=2 5*7~

TE DO 22 5 J=2,1E

TMR17J32*7ý!E-l

DO 225 J=2,6

X1DSP (J) =0

242 LI=L141
CALL RPPT(IRAY)
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300 IF (LI-I) 650,,650.,435
435 CALL TIM1ER

IF (TIM-T010) 515P450*450

r450 TIM0=TIrIG.TUPDT

LD=O
IF CMTOT2) 502j5912,460

460 KORRu(5.IADC(O))/34
DO 500 KmI,MTOT2
IF (K-MDTT2) 465,465j510

465 IF (ITM-'!DT92(K)) 510,4P1,4P0
480 IF (!TM-1';DT-E2(b:)) 4S5,51,510
485 LDuLD+I

~JF (LD )w~JF2 (K) .K07ý
IF (JF(LD)-6) 493P500*495

490 JF(LD)w6
GO TO 500

405 IF (JF(LD)-93) 503,5O~o497
497 ,JF(LD)*03
511 CONTJINUE
5 a 2 IF ('D')5.15,513,505
r, 25 IF (iJDSP'L-2) 515,5101,515
5121 CALL SC11(JFPX0SV',L0,J?)

IF (TIM-TIM4) S35,52?,52ý1
520 TIM4uTI'l4TBEEP

IF (LD) 525p525,530
525 IF (XDSP) 53SA535,53.1

c;3 2 X-7DTw 12
533 CALL AJL(!, 07 "1
535 IF (TIM-T1M5 )
540 TI!M5sTIM5.TA'Y7ý

KUPOTsO
5'a'5 IF (NDý17L-2) 5P1,!;Plr,5

555 71-.6zT!M6.T",E-7
J 'I'. P - J' S 721+I
CALL ')'cFL,>'J

5 F I CALL 71!17-7

6 F " I * -' I (J ) I4
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620 CALL SLIDE(NSKoISEToqjp)
TIM3-TIrl3+TPROJ

640 IF (TIM-TIM2-TSLID) 435,645,645
645 TIM2=T1M2.TSLID
650 IF (LI-I) 655,655,-660
635 JuIFLAG(0)

IF (J) 655,655,660
660 TIMw.al*TIM1E(0)

IF CNOFFR) 665,665,670
665 NSK(2)ml
670 IF (NOFFL) 675,675,680
675 NJSK(I)nI
680 ISETu0

CALL SLID)E0NSK,IS-T,1 jP)
700 IF (IRAY(l)) 710,73,ý,740
710 WRITE (1,720) LI
720 FORMAT (I READ En'O~ 13)

STOP
730 GO TO 700
74Z0 CALL D)ECOD(2o3,L2)

IF (L2-LI) 710,75t",713
7o CALL DSCOD(7,2,:JDT.2,
7 CALL DECOD(5,2,:JDv$.2)

CALL DECOZ(9,2,M)I!':2)
CALL DCD1,,:x1
CALL DECOD( 12, 1 .'45K.0
:4S -RT = 13
MDET2 au-!:VS2 +MD V;~ 2
MITOT 2 MDE~T 2 +,NJ 0 TV2
IF (1T0Tl2) 80,E330,762A

*763 DO 780 3-1.!17072
CALL )EC0D(NST'.T,2,I7R.2(J))
CALL D'-CODc:,JST'.+2,2,JF2c(J))

IF (J-MDET-2) 770,771?,78?
773 CALL DC~:s~,,~3()

CALL DEC0:D(!ST'J.*2,2,I0T--2(,J),
4JST?.T=kj3TRT.4

780 CONTINIUI
6012 IF C:JSKEI-5ý Q10,;L2?,9qoz
930 .4OFFn.= I -N1OFF

N SK 2' 2: 1-5K 7-1 - 5
910 NSK(4)=NJ3K~l

IF CJSK01-5) 93,23ý 92~2
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920 NOFFLml-NOFFL
NSKOlwM-SKO 1-5

93t0 NJSK3)u!JSKOl

Tlt'l3wT IM+TPfIOJ
IF (L2-NSL) 241P240',960

960~ CALL TIMER
IF (TIl2-TIM3) 960,9821,9F0

98wl CALL SLIDE(NSX,ISE7,JP)
CALL SC7(,JF.1'DSP,.3,J7)
CALL HDt2P(JF,0plAJt')

CALL
STOP

C S'UI9OtJTINE MERIT(IPT'E,TDLY,7'ETTJALD),LD,T!"2,LZ,7I1ý1

COMM1ON K0ET,LDZT-,M'TOT2, ~~,~T,1IJTTr
I JD",! J13-1RAY,9 '5 V7

:I '-lT:.J 0 *J S'J! 5, E 17, I :9 , I ,, 3~ 5
I *1rL ( 5) a I r!T 7 ( 4) LD 07" ) 7:T. 1') J F c3)

77 (72-%.) :M (5 7 1(r J. C7.

70

CL Lo J 7

1%(L,dý=0

." ' 111- ':

Y. CALL "T7F(JP,;%Fp 1'F--,!6
JI A L ." :

GO 70 1 '
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160 IqFP(1)=20
GO TO 190

180 IRF2(1)m-20
190 IRF2(5)*0

KRFC3)a1
IF (L2-1) 300.,300j200

200 DO 290 Lul,4
Ja lABS CI'1F2 CL) ).IABS( InF3 L) )
IF (J) 290.290.213

210 J=ZABSCIRF2(L)-IRF3 CL))
IF (J) 290,290,22'0

220 IF (MDLY) 230o230,2'4?
232% TIMIuTINI,?DLY

.IDLYl
JALDwI
."IET URN

240 YDL(L)aFLOAT(J/l'7T(L))
290~ CONTINUE
3 1 SrlADCG2)

SO-S*9. 766E-04
COIADC 3)
Co-C*9. 766E-04
JALDw3

311 1 IVLC4 ) a AN GLE( S C)
JALrw4

32", IVL(5)nIADCC7)/1?l

IVL(3I)*-IAD)C(4)/b'

XD3()uXDL (4)

IFS Wm1DE)50,5.5,2.

DO 500 Ju1.XDET
IF (TT(.J)-TIM2) 46P904-

45'.0 IF (t1lO0'2-MDI:12?) 50'1,0,471.
47.1 0O 460 L=JJ,1T0T'2

IF (I :JTR2 (JJ)-L! ~(J) 9 01 '

41122 CONTMIN
GO TO 5jL'0
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500 CONTINUE
505S JALDmS

507 IF (LD) 510,510,540
510 IF CIDT) 520A520,530
520 !1J.MI.3

GO TO 570
530 MIuMI+d4

GO TO 570
5'4LI IF (LD-IDT) 550,550,560
550 lll=Ml+2

GO TO 570
560 MlwMI+!
570 DO 650 LnI,5

I RF3(L )u I R2 CL)
IF (L2-1) 650#650,572

572 IF CISUSP) 575o575*650
575 IF (NDL(L)) 590.590.580
581? XDLCL)uXDL(L)-TMERT

GO TO 650
590 IF XKRF(L) )650p 650P 6~3
6vi JoIABS(IVL(L)-IRF2(L))"

IF (L-4) 630o613,630
610 IF (J-180) 630P630,620
6201 Jm360-J
63,'' IF (J-45) 635,635,632
63*'7 S-FLOAT(J)

(30 TO 638
63'9 3W9(LXl)UZUJM(L.,Ml).FLOAT(JaJ)
63 IF (J-I"'K(L,?1I)) 653,65'0,64'
15 4J I'.K L, M I) uJ
650 CONTINUE

MD LY= 0
JALDs I

66V' DO 680 M I a I,P
E30 680' LmlPS

670 FOýIMAT (1 212, 14, 13. 14I'
680 CONT INUE

DO 700~ LulKDET

69LI FORMAT t I .-14F.1-)
730 CO0NMT I t',E
72? ' 2 ET I2

4 22



C
SU311OUTINE REFCJPX'RFoIRF2,ISUSP)
DIMENSION LRF(I),*KRF(5)*IRF2(5)#JPC 12)
I SUSPEO
JaIREAD((O)
LRFCI )w-1
LRF (2 )m5
DO 62 LuI,2
DO 60 1<uI,6
lI-I 2-K-LRF CL)
M I NJ-JPC(I I)
IF CMI) 60ja40,0

£40 Juml
IF (L-1) 45,#45*55

£45 IF CK-2) 52,53j55
so ISUSPuI

GO TO 60
52 KRF(I)nI

GO TO 60
55 KRFCL)nlK

GO TO 62
61, CON T INUE
62 CON T I tJUE

IF CK(RIF2)-2) 65*6S,72"
65 IRF2C2)=O

GO TO 75
68 I!RF2C2)077*(2-J)

GO TO 75
72 IRF2(2).77*KtRp(2)-3e*J
75 IF CKRFCI)-2) 80,83,o86

80 IRF2C3)n87
GO TO 100

83 IRF2C3)m9O
GO TO 100

86 L7RF2C3)m96+5*CKlFC1)-3)
I0ý ~J=IREADCI)

KRF I )wO

KRF (3 )sS

L-,F I)o

LtýF (3)m u
11-0
IF (J-JPCI2)) 105,110,110

I K7WFC5)ol
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GO TO 115
lie KRrc5)aO

JOJ-13P 12)
115 DO 160 L.1,3

JJ U
KKuKRr(L41 )-KRrCL)
DO 14a0 KmlpKK
Mlu I2-K-XnF(L)

IF (MI) I4a001200120~
120 JUMI

1491 CONT I NUE
I IuIlJ.J*L~rL)

160 CONTINJUE

lQOl IRF2(4)aII
KR7()01-X'F(S)
Ir (J) 220*220*ý.%'

GO TO 240

Z.N D

TI () M. ýl 0 N K I E 7 ( :)

IF (KDE T)H1 ~!

5 IF (C) t,.i4,6
6 KDE T a K T+I

TT(Kll!4 24



NUMBoNtIMS41
MTOT*MT0T2
M DIN. MD IN 2
IF (MTOT) Ii,#IAPS

8 ORnw(5*IADC(0))/34
DO 13 Ito1oMTOT

JF ( II )uJF2C(11)
IF (JF(11)*KO~.'I6) Q*10P12

9 ISCII)w100
GO TO 13

10 IF (JFCI!)+KO~r--93) 12P12*9
12 :5(11)u30
13 CONTINUE

Mu.KDET-NUMIB
IF (NUMB) 530,530P15

Is IF (J) 32P32.17
17 IF (J-15) 'O,20&530
110 JDR(M*I)u-2

GO TO 51C,
32 IF CTIM-T?(M.1)-TS'jP) 53(1,531,35
35 JDR(M*1)u-I

GO TO 510
LCu430
LPnC7-J)*63
LPaLP/ 10
LPE47-Ln

IX'1 JD'.(M1+ ) NJ
IF (MTOT-!1DIJ, 51,'o5I0*223

1! Jam D I NJ+I
DO 5008 IluJ,'TOT
I*INTI(!I )

IT) (0 1 2 Ft 02

2'17' LDO A93(LP-JIM

IF' (LLD-LC)35,'%'
35:' LCvLLD

INJTul
IOF" is (:1)

5.3"l C ON T V*IrVE
IF (LC-11) .1~5~

01 IN T -a
520' L DETCI+ I )IN T

J-, 0p0 JD 1 0F



C
SUBROUTINE SCTRCJFMDSP#LDoJP)
DIMENSION L( 10)PJF( 10)&MDSP(6)PJP(12)
IF (LD) 52#52#40

40 DO 50 Iut.LD
L CI). (JF CI) +10)/ 25

56 CONTINUE
sv DO 14~0 I1.1,6

KOUNT-0

IF (LO) 75&75#55
55 DO 70 lI.ILD

IF (II-L(I)) 70,6?,7l
60 KOUNTaKOUNT.I
73 CONTINUE
75 IF (KOtJNT-I) Beol'0*~95
so IF (MDSP(II)) 14I4314'ý,9,'

93 CALLDCLC'(
MDSP(1II)=O
GO TO 12~

95 IF C(1DS!'(1)) ILP1Z3,;L
133 IF (MDS'?(II)) 2,113
It? CALL D"SSZT3*XK)

!1DSP CII).
140 C ON TI: Jý'-Z

I-

2 IF (IChK) 434!P
30 CALL. )-4D(7,P?)

C DO I2Z LxIo10K

L', ,.''7J F (J:)S P) I 'J

10 3 1iF ( CLUN 1 7.- ) 22 I', ', I I
I1;, LTEN=uJP(12-LTEN)

GO TO 13,
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130 CALL HUDCLUNIT,LTEN)
I C MK I
IF (LD-JDSP) 160',14eO,162

1i40 IF (JDSP-14) 16C,15L0,IS?
15O JDSP.O
160 RETURN

EN D
C

C
SUBROUTINE AURAL (LD, KV2P,, KDP, j)
IF (LD-L4) 5,5,10

5 lD*LD
GO TO 15

is IF (KD)SP) 18,18,30
IF (KUP-2*MD) 20,20,35
CALL DISET(I,J)

3 CALL 0:?CLIc1.j)
XDSPw'Q

35 RET'2RN

z;'tD7UTINSE EN3X!~,t
DIMENS3ION :J1,(2)
IF (ISET) 10,1:!,6;!
DO 43 Ku1,'4
IF (NSIKUK)) 4.~,,

"'ALL DTISET(:,j)
IF (K-1) dX~

'I E T U RN
6 0. DO 1'30 K-1,4

I F (N S K ( K) tl(, 17 E,
i JJp (K)
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CALL DRCLR(I,#J)
MNSKC(K)mN SK(K) - I
IF (K-1) 100*100.4120

100 CONTINUE
120 ISET=G

RET URN
END

C
FUNCTION XANGLE(UPPDVlN)
ADMNuASS(DWIN)
AUPPwABS(UPP)
IF CAD'4PJ-A'UPP) 13,#10,60

10 IF (AUPP-I.E-8) 20*20A30
2.1 "AN'GLEs~e

'IET U N
3ý YEDWN/UPP

IF CUJPP) 42,50P53

6C IF (DWN) 8S.,65,#65
65 IF (AUPP-1.E-8) 20',22*73
73 Y-UPP/D'?1)

YAXJGLEzXX0.

IF UP~ 9510,103,9,
95 ',A'JGLE= I F.,v)

71 --TJT1J
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C
FUNCTION XXCA)

10 E3-1...28*A*A
XXa57.296*A/B
RE~TURN
EN D

C

SUBROUTINE DECOD(NSTRT4MTI.'1LRSLT)
COMMON KDETLDETMTOT2. INTR2,JF2,PT!MIIDlDN2,TT,NUMB,
I JDR,JP*IRAY
DIMENSION LDET(70), INT-n2( k1),JF2(10),PTT(70),JDn.(70)

lp JP( 12), flAY( 100 ),NP(4)
C ONLY POSITIVE INTEGERS ALLOV.EDo <2048

LRSLT=O
NPC 1 )0
NP(2)nlO
NPC3)u 100
NP (4) * I 00
DO 50 Iul*MTIM
MmNSTRT.MTI1- I
N. flA"(M )-48
IF (NJ-13) 102.2

12 IF (N) 21,P40,d48

30 FORMAT C( DIGIT rr.07', 214)
STOP

43 L~SLTuL7'SLT*'J*'JPcI)

so C ON T UI N%,

EN D
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B. VDS SABR SUBROUTINES
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/PAGE I
/*** UJEST.15

/SPECIAL ROUTINES ron QUESTEK
/TO BE RUN WITH 8K FORTRAN

LA P
AI3SYM TEMPO~ 150
ABSYM TEMPI 151
A!3SY11 TEMP2 152
ABSYM CLKO 153
AI3SYM CLKI 1514
A9)SYM CLK2 155
AIJSYM CH13 156
A3SYM SAVE 157
ADSYM TIMEO 160
A!3SYM TINEI 161
ASSYM TIME2 162
ABSYM' STCLR 163
IV3SYM RETI 164
i3 S YM RET2 165~
A!3SYM TMPPTR 166
ABSY?4 ADCVAL 167
A13 S YM COUNT 1 70
AI3SYM STARTF 171
AI3SYII PTPTR 172
AB S YM PTFLG 1 73
AllS3YM P'TSTAT 174~

/PE DCI I 50

OPDEF DBEII 6501
OFPDEF DT3SKI 650;k
07DEF DI3CII 650~3
OPDEF DE3RII 6504

/ C2

OPDEF DE3D12 6510
*)PD-lF DB13E2 6511
OPDEF D851<2 6512
O"1DIF 09fC 12 6513
O 9 DEF D13R12 6514



/ DC3

OPDEF DF3DI 3 6520
OPDEF DOC03 6525
OPDEF DFJSO3 6526

/ DC4

/ P E B D 4 6 4
OPDEF D9C04 6545

OPDEF D13S04 6546

/ DC5

OPDEF DBD15 65501
OPDEF DSCZ5 6553
OPDEF DB~I15 6554
OPDEF DS3CO5 6555
OPDEF DB3505 6556

/ DC6

/ P E O D 6 6 6
OPDEF D9CD16 6563
OPDEF DBR1I6 6564
OPDEF DDC06 6564
OPDEF DBS0O6 6565

OPDEF ADLSQ 6566

/PE ADRS 53
/PE DV63
OPD'EF ADSC 6535

OPDEF CLSK 6532

OPDEF ACV.Z 6134
OPDEF CDSL 651352

ODEF CLSK 46134
OPDEF C L '-, 61335
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/ SPECIALS

OPDEF TAD! 1400
OPDET DCAI 34100
OPDEF IS71 2400
OPDEF Jmpi 5410
OPDEF AND! 04100
OPDEF F0 20
OPDEF K!F~ 6035
OPDEF RPE 6010'
ODEF TWO 7305~
OPD-F GTF 6004
OpDEF RTF 6005
OPDEF J~MS! 41400
OPDEF nFC 6014
OT 2DEF IRRE 6012
OPDEF RSF 6011
OPDEF PCE 61-
/PAGE 2

/CALL HUPCl,J)

/ 0 TO DC3 I TO DC3
/ 0 TO flC4 I To DC'4

F.JTnY MUD
HtJD1),!?LOCK 2
TAD MUD
DCA RETI
TAO) HUD#
DCA FIET2
CALL OPAIG5'IC/1F:T I
:)CA TEMPO
CALL 0,ARGPIC/GET J
DCA TEMPI
CM A
DB3Co 3 /CL1~3
CLA
TAD TEMPO m

DEISO3/SET 3
CLA CMA
DBC041/CLR THEN -SET 4
CLA
TAD TE~~r'
DB SO 4
CLA
TAD RET2
DCA KILD,
72ETRN~ mt"D
/PAGE 3
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/CALL DRCLRct,j,

/I*@ CLR DIS ACCOnD1NG T0o~
/Zmal CLR DIR6 ACCORDING TO ~

EVRY DRCLq
0RCL'R.OLOCK 2
CLA IAC
DCA STCLR
TAD DICLR
DCA RET I
TAD DnCL~tg
DCA RUT2
J1,13 DCOM

'CALL OnSET(!,J)

'I'0 J To !)16
/ALL J OTOý 01 SAYTH S

D~EISEOC

Zl-A
XA ,TC:Ll?
.AD 01ST

XCA IET2

DCV%.1,CALL ? ~
X A T Z' Vlo
"ALL_' jVI/E
:)CA , ý2 jrIP
CALL C0,DCL'ý
TAD 3ZTCLII
3ZA CLA
JM .7 GP-T 0 T,
CALL 13O'DET?

XCA DTISETo

/"Aj!E 4

434



ENTRY IREAD
IREAD#BLOCK 2
TAD IREAD
DCA RETI
TAD IREADO
DCA RET2

* CALL 0,AnGPIC
SZA CLA
JMP RDC6

* DBR15
DCA TEMPO
CMA
DSC15/CLR AFTER READ
RGO&C LA

TAD RET2
DCA IREAD#
TAD TEMPO
RETRN IREAD

'IDC61 DBRZ 6
DCA TEMPO
CMA
DBC16
JM1P rlRG0
/PACE 5
/SUBROUTINE DSZTT

ENTlY~ DSET
DSET.,BLOCK 2
TAD TEMPO
SZA CLA
JM1P SDC6
TAD TEMPI

SG0,.9CLA
2'ETI'N DSET
3DC6*TAD TEMPI
D3506
JMP 3G0

ti.T"Y DCLR
DCL7*SLOCX K
TIAD T* -MPP
3?7A CLA
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.JMP DODC6
TAD TEMP I
DBC 05
DC GOP*C LA
RETRN DCLR

DODC6,PTAD TEMPI
DBC0 6
JMP .DCGO
/PAGE 6
PA GE

/YuTCH13(DUmm1Y)

/P.7ETURNJ THE VALtJZ INJ T11lE

Z:4TflY TCH13
TCH13*BLOCK 2
7rý. 0
TAD TCH130
DCA TCH130

/',IILT!PLY TIME~ By ONE TO 'JO=X~ALli._

I AC
CALL lFL0T
CALL IPFMP
ARG TIME?/T:ME TO PAC
DCA TIME0
DCA TIME-1/0 .0 TIM*E
DCA TIME2
RET7:J TCH13
/PAGE 7

/P.ET'2IN TF)- IJAL*JE- IN~ CH13

EZ1TRY ICH13
ICHI3,3LOOCX 2

DAICH130
TAD CI-13
DCA TZMP
XCA CH. 3
TAD T 7': P.

7ET27J IC"'I3

4-36



/Iw)FLAG(DUmMIY)

/4E~TURN THE VALUE I" STAvRT
/ENTRY~ IlFLAG
IFLAG,9LOCK 2
Two
TAD IVLAGO
DCA IFLAGO
TAD STARTF
IETRN Z1'LAG
/PAGE 9

//1'ZTU'LMI CLOCK IN PAC

"4JT.Y TIME
IF4EIBLOCK 2

7AD TIME#
:)CA Tl!ME,#

/,'-f UiL 71 PLY CLK :3y ONE TO '40 "PALI !Zý

ZAC
CALL CoFLOT
CALL IVilP
A.'RG CLKO

/"3AGE 10
CALL ),FL0T/!yJ>mY CALL
j.'TI,#A!IG 03AI.

/PlCIS LIP ARGPIENTS AFTE? *ý CALLz"4R AflGPIC
AIGPICoj3LOCx 2
TAD RETI/FIELD
:)CA N'EXT

N~E XT ý,LT
TAD[ RrET2/PT-1
DC A * GZ'T
INrC RET2
TADI RET2ý
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DCA ARGPTR
INC RET2
NGET, HL?
TAD! AqGPTR
RETRN A!RGPIC
ARGPTR. 0

/1 IADC (N)
IN IS THE CHANNEL(-I'

ENTRY IADC
GA IN,?

2,

3
4
5
6
7

IADC,3LOCK{ 2
TAD IADC
DCA -)TTa
7AD !MDC#
OCA !:T 2
CALL 1,ARGP!C
TAD GPTROe/TA!3LE OFFS:TZ
DCA TMPP7n
TAD! T7MPPT!-
ADSC/SET 9LTX AND 00
TAD RTET2
DCA IADCO
A.DCV, ADSF

AD.RB

/PAGE7 11
?A GE

~JT"Y I.JT!Z:r
INJTE7,DCA AC
GTF
DCA LG



/CHECK PPT RtEADER

.JISI PPTAf
JYIP IEXT

/CLC

CLS K
%IMP DRfl
CLSA

/ADD 21 TO CLK
/ADDING TWO AT A TIME 7D"ýCFS -101N1iOFF

CLA CLL C1NA RAL
DCA SAVE
TAG*ISZ CLI2

,JM? IR
ISZ CLXC

KLT/90'. AlE VE IN TICýOZLZ
IRo t'SZ SAVE/',' TIMES
JM1P TAG
JM1P I EXT

/'ýIGITAL CHANNZIL1 I

JX P !)7-2
D9RI I
D!:,C I I
DCA K2ET-'
TAD KEEV
CLL `ýAL
3N L

/ST7AT COJDIT!Y"
CLA IAC
DCA STA9TF
/STA7"' CLOCK
STCLK,CLA CM1A
CLA2
CLA
TAD S IA 9L'U,

4-3.



CLDE
CLA
J1MP IEXT

/CMECK STOP COND IF SO WmAIT TILL CONT

DCI IRAL
SN L
JNP DC2S
CLA
CLDE/STOP CLOCK
DCWT. CLA
D13SKI
JNP DCWT
DBRI I
DSCI I
AND K1000/r1UST B3E CONTV."'
SNA CLA
JM1P DCWT
JM1P STCLK/OX RE STRT CLX<

/CXECK BIT 8

D)C 2S.CLA
TAD KEEP
AND KKIZ
SNA CLA
JM1P EXTN/CMECK 9)-11 F37 C!-3 ~T%
TAD CLKO/GET TIME N~O%
DCA TIMEO
TAD CLKI
DCA TIMEI
7AD CLX2
DCA TIM1E2
JMP IEXT

/CMECK FOR~ CH13 EXTE:JSIYm

7-TN#CLA
TAD KEEP
AN D K7
CLL IA
SN L
imp O C2S1
CLA
DCEG-O.TAD K14/14~
DC A CY:13
J:IP IEYT

DC2SIoCLL !"At

dIIP ,DCPI2
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CLA CMA
driP DCEGO

DC2S2.SNA CLA
driP IEXT
CLA IAC
driP DCEGO

/D~IGITAL CHANNEL 2

DR2, DB3SK2
HL T

SNA
MLT

DCA KEEP
CLA CLL
DCA CH13
TAD KEEP
AGAINPISZ CH13
RAL
S.") L
driP AGAIN~
ZEXT,CLL CLA
TAD FLAGS
RT F
CLA
TAD AC
JIPI 0

AC, 0
FLAG5,3
KEEP, 0
EIABLE. 521 0

~(14, 16
CALL 1.FLOT
PPTAIV'G HPPT
/PAGF 12

/CALL INJIT

E:IT'Y INIT
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A13SYMi IVECT2 2
CALL 1DFLOT/DUMmy
IPTRARG INTER
KEXP. 2320
;(5402, 5402

INITSLOCK 2
TAD K(5402
DCA IVECTI
TAD IPTRO
DCA IVECT2
TAD KEXP
DCA CLHO
DCA CLXIJ
DCA CLK2
DCA CH13
DCA TIMEO
DCA TIME!
DCA TIME2
DCA P'TFLG
DCA STAnTF

DB-. I

DS D 13
03DI 4
DBD165

KI z

D)3C I1I

0~3 Co0 4

DBCo16

CLA

//CALL !PPtT(A-AY,

E:JTRY -TOTT

7AD `mT
D CA 7-'.j'
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TAD! RPPTO/FIELD
DCA Fl
INC RPPT#
TAD! RPPTO/ADD
DCA PTSTAT
INC RtPPTO
TAD PTSTAT
I AC
DCA PTPTR
TAD Ft
DCA F2
TAD F1
DCA RNXI
T~qx 100
DCAI P7S7AT
F0
I AC
DCA '3TFLG
rt' C

lZTI 7PPT

/~~'JPT ANDLER

JM NOSKP
.1.-1
.V4 077
X A SPPT
7A. ?-FLG

AJI CLA
J*I OCDAC'-e
7AD SPPT
7AD) !726
S"A
%Jri V CHK
77A CLA
"V-' GJ3ACK

/07A : 50 ST0O'

A:A :17FLO
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_ _ _ _ __, 
I

TAD SPPT
DCAl PTPTR
PG £
414? GOBACKO

MCHX,PTAD KKI14
S14A

JHbCOI(/CMARACTER 1S GOOD

//LAST CHANCE IT CO'ULi BE A SPACE (~3
TAD K(16
SZA CLA

11 GOBACI(

/SUBaSTIrTUTE~I A 3

TAD K60

COI(. CLA
TAD) 3PPT

DCAI PTPTR
ISZ PPTFR
GO3ACK, RF-C
CLA

JMPI HPPT
:4OSHPzSz HPP'?
JMPI HP??

K77. 77
hN 14 14
M72. -72
x(6 3, 60
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C. HP2100 FORTRAN PROGRAM FOR DATA TRANSFER
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PROL.RAtM \OA1TA
0f1MENSfON fNA!1I3)
DIM~ENSION J%),'I(,') 'C, ~JZJ11*)'(I

PtI1EN:! ION ~'I() C2IIJ)(I, ~ i
DIMEJItONLPTI 1Jt",TI

PATA JA/?'I.l.'J/
c
C
C T~ilý "1706:'#XN "ILL -r~ir k".' zrt ArA F2O~l rol"1:1 'A'- .1.

C ~~,THA~T CJJTAPeiS 'r'! IT A ~r~ri.'~I' L :,
C A~ iAA TAPE! FtLF FO". r!-l. "AT '.t r,: FI'", iý:~ OF(~~*',

C 'fAC, TA.E F I I CO'JTA1I' ') -W I 3. *.:'JV / Y. :11".1 FILY
C A.¶ V JWýX C J L:T FO" 7"'. '1,1,; 7olv'K: A C~):J7All: Yl*.
C. ,O 7-0- ACH Sllnj::ýC7 *Vslq'?''; J FILU I AL", *-
C T 147' LAST 7!f IIA I.. A:Tr

c~

I I;'.- LL 71

C If, CI,' I.'C 7A

F07AT (A:'

I F (I 1 2 *LT* ) C. -"0

J7g

C ",:-7T 1! L F II '' C , 1A 7A V I J7I:

Z A i . A F( ! I ý

I F 1 13 E..' GO 7 1
I F (J K'ýe I ) (W TO '
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IF(KF.EQ*l)GO TO 61
C ADVANCE MAC TAPE TO STA'IT OF INDEX FILE

DO 503 XK1(lJJ
so CALL EEC(3,1 31C03)

IF(J.NE-l)GO TO 61
60 CALL CLOSE(I0C!3,1P!'.n)

IF(IE7-T%.LT..:I)GO TO 190
CALL "(IC3I..IAIIT)
IF(I-T17.L T . O)CO To 190
G0 TO oR

I CALL CL0SE(IDCBIrf'fl)
IF(1E' 2 .L.'ý)CO T

CALL rE~~!I~,?
IF (T.T'C

DO "'? I I I JJ,

L J, 3;

CA-L . . . . . . . . .

-. .-. .. -
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BUFI=SIM(L&M1)
I9UF2IlPl(L..MI)

too CALL WRI TF(I DCB I ERR4Ii 1,V)
11'(IERR&LT*0)GO TO 190

110 READ(5.p120)LDETj JDR, TT
120 FORMAT(3Xp2l4,pF20*3)

IFCLDET.EQo-9)GO TO 130
WRtITE(8, 120)LDET*JDflTT
CALL WRTF(IDC~pIElR,LDET,#F)
ZF(IEflR.LT*0)GO TO 190
GO TO 110

130 CALL Wfl!TF(IDCDFIE-MLDETS)
IF(IERR*LT*0)GO TO 190
CALL LOCF(IDCBAIER~,IIY"3, IJS-rC)
IF(IERR.LTo0)GO TO 190
ITYRUNmJSEC/2-ITR9-
CALL CI.OSE(IDCBIl~r,'ýIT:*'.UN)
IF(IER?..LT.0)0O TO 190

140 IFORM~ATC"DO YOU lAPJT TO -V7TE2 X0.73- .ý,!3JSCTS T'O 'p "I ~C'VJLE ?? YES ORl NO")
'.J:-ITE( 1,*3018BELL

CALL V:EC(3.11l3!)

ZF(IX,1SeEC~.2HNO)GO T0 150
X= 0 .ITZ13)~

GO TO 35
150' CALL OPEN CZDCDIE'i~pINAX,IJ)'T)

IFc1ErMLT*0)GO TO 190
16.1 CALL READF(1DC3AI~22.1.ND:*)

IFCIE!R*LT*0)GO TO 190
IF(INDXeEQ9@)OO TO 180

17' FO3MAT(14,3A2)
GO TO 160

ISO' CALL EXEC(3*1109)
CALL EXEC(344109)
CALL CLOSECIDCDIEP!.)
IFI-C"nnoLTeO)GO TO 1'Q'
i070 TOI20

?111 F'O-AT("F?1" EFRR"02 1-4.)

CALL CLOSE(IDC71)
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FTN 4, L.
PROGRAM READD
DIxMENSION 155SI(.)IK58,( NILc) DI(34
DIMENSION tANS(2)ot1I (I ).#L( I)IWF()

DIMECNSION LDET(I),JDRCI),TTCI)
DATA IN.Al!/2HVI,2)(?JD,:'HX
I PELLm7!1
IOPTNuI 1013
I I&TAS=3541 4!
Wn~I TE CI. I0)

10 FORMIATC*ENTEI FILE JAAN TO 9-E AlAD")
READ( 3,20) INANE

20 FOTRMAT(3A2)
CALL OPEN( tDC~p IElq.INAME,!OT'T'J)
DO 460 la1,40

30 CALL READF (I DCRP IZE"'!I*M I

5 l FOrtMAT (2X, I'll, 1 14, E 3.5* 14)
43 CONTINUE

55 CALL 7ZADFdIDCAIE~RjLDaT)
IF(LDET.E!,o-Q)GO TO 60
IW7' I TE ( I a4 5) LD7-T,J D RiT T

45 FO0.MAT0114oF22.3)
GO TO 55

60 CONTINUIE
EN D
END

F TN4., L
P7.O03RAM` 7EADV
DIM1ENSION (5),Sr(SPI7(5) J )DJL(-)ICCI..4

DIMENSION I3tJF1 1),IjF2()L~),I;:21 .'INXEC,!~Al)

DATA INAM/21iH'I,2HN0D,2HX/
IBELLw79

7 ZJTFI:, DISK~ FILt' COrJTAI'JIlJG Ti?_ -v,\ TAr"E, v4Di.
35 CALLO2'(ID3,IEAI J)

5 CALL RFA0F(IDC3,IEV'.!,J)

15 Fl37!AT(I2,3A2)
21 C'JATINJE

C(0. 1T I NJZ
CALL CL03E (IOCI)

A:: D
Ell] D s
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VDS DIGITAL I/O SIGNALS

SIGNAL DESCRIPTION

A. STAR r

1. Source Supervisor's Panel

2. Destination - - POP 8/a
3. I/O. . DC 50, J2.0
4. Activated by Supervisor at start of experiment

5. Input must go from 46 VOC to 0 VOC when START button is pushed
(momentary grounding of open line)

6. Jumper AB must be installed in position 0o of DC 50 for edge detection
7. Interrupt lumper not connected

S. STOP

1 Source - Supervisor Panel
2. Destination POP Ste
3 I/O D OC 50. J2.1
4 Activated by supervisor to stop experiment
S Input must go from -5 VDC to OVOC when STOP button it pushed

(momentary grounding of open linel
6 Jumper AS must be installed in position 01 of DC 50 for edge detection
7 Interrupt lumper connected

C CONTINUE

I Source Supervisor s Panel
2 Dest:-naton POP So*
3 1 to DC 50. J2-2

4 Activated by Supervisor to continue experiment after a STOP
5 6 7 Same as for S, 6 and 7 above

D. SUSPEND

I Source Supervisor s Panel

2 Destination POP 8e
3 0O DC 55. J2 1
4 A two position togge switch activated by supervisor to temporarily stop the advance

of the slides and sampling of the analog signals from the GAT
5 A true input selects suspend and must be low (0 VDCI A false input must be high :-5 V(C)
6 Jumper BC must be installed in position 01 of DC 55 for level &itection
7 loterrupt jumper not connected 1programmed %ampled)
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E. Dt TECT SECTORS 1 14

1 Source GAT 1 Cockpit
2 Destintation - POP 8/6
1. I/O DC 51, J2-0 thru J2.11 and DC 50, J2.10, .12-11
4. One of 14 input lines activated by pilot at time of detection
b5 Input must go from *5 VDC toO VDC when line il cictovdied (momentary grounding

of open line)
6. Jumper AB must be istalled in all 14 positions for edge dertection
7. All corresponding interrupt lumpers must be connected
B. Minimum time between successive irnputs is oil theC order of a few seconds

F DETECT BUTTON FROM GAT

1 Source GAT 1 Cockpit
2 Destiisatiosi PDP 8 e
3 1/0 DC 50 J2 8
4 Activated by pilot to Indiclte *t target
5 Intput must go fronm *5 VDC to 0 VOC vihien lone is activated 011041entarti grounding

of open line)
6 Jumper AS must be installed in position 08 of DC 50 for edge detectioni
I Initerrupt jumper connectied

G DETECT ERROR

1 Source' Supervisor C -11oi..
2 Destination Por 8
3 10 DC 50 J129
4 Activated bv supi,pevin or ilndicate ain efot -n te..lo',d diiitectc~r sector
5 Iliput must go from *-b VDC toi 0 VDC h4.w s~ octiriaed ýmomentiar', gronditf.

(if opei line)

6 Jumper AB niust be iiitailod oi posilt~o 09 if DC 5'0 for *'dqe de'tection
1 Initer rupt lumpet i on c,-cId

H AIRSPEED 1 2

I Soiurc.e Supeti %of IPetit

D. f l.11folls~ POlP 8 P

I 1 (0 OC 55 J2 0 wdc J2
.1 A ts*%o poiiilio.i tow.,* skiitch set I'^ !h,- %,. o.

! ~ Active. trtel siput It,,.* "'usi be At -Itoundt i v.I ['s tC ~a. he' ,oIfir ime %,,' ti. 14
Ai 1.11te' Input of IS VUCo Onli, o' 10 Ifthe rh d'al he Ifr 1' 141 r llr i e
lo Juper RC mus11t hir 011-s led1 I' 00%- Ol'% (X) irri 04 -,' *Ji 55i lot vol. delot~ I

I ~t'ffU1t i~~~~*,5 ''1 -1 ~ ¶.( ~)'~)P i t'' cI ... o')ei



1. ALTITUDE 1 5

1. Source - Supervisor's Panel
2. Destination • - PDP 8/e
3. I/O - - DC 55; J2.6 thru J2.10
4. A six position rotary switch which determines the altitude reference value. One of five input

lines has a true input to denote one of the six reference altitudes selected by the supervisor
5. Active (true) input line must be at ground level (0 VDC). All other lines must have high

(false) inputs (+5 VDC). Only one of five inputs can be true at same time
6. Jumper BC must be connected in positions 06 thru 10 of DC 55 for level detection
7. Interrupt jumpers not connected (programmed sampled)

J IFR/VFR

1. Source Supervisor' Palnel
2. Destintion - - POP 8/*
3. 1/O . - DC 55; J2.11
4. A two-position toggle switch activated by supervisor to determine which altitude has been

referenced. Each of the six altitude references can have two values and the IFR/VFR switch

determines which has been selected
5. A true input selects VFAand must be low (0 VDC) A false input selects IFR and must

be high ('6 VDC)

6. Juniper BC must be connected in position 11 of DC 55 for level detection

7 The interrupt lumper not connected (programmed sampledl

K. LEVEL CLIMB

1. Source Supervisor Panel

2. Destination POP 8 a
3 10 DC56, J2 11
4 A two-position toggle switch activated by supervisor to determine whelwr rw altitude

sampled from the GAT should be compared to the altitude references switches or if the
rate of climb analog value should be compared to a programmed - 500 ft/min for the
figure of merit computations

5 A true input selects CLIMB and mutt be low 10 VDCI A false input selects LEVEL and
must be high (45 VDC)

6 Jumper BC must be connected in position 11 of DC 56 for ,evel detection

7 The interrupt jumper not connected (programmed sampled,
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L. DG/VOR.

1, Source Supervisorr's Panel
2, Destination • - POP 81/
3. I/O - DC 56; J2-0
4. Set to either DG or VOR by supervisor to indicate interpretation of "ANGLE"

input (see below), and to indicate selection of either heading or VOR error calculations
in "figure-of-merit" computations

5. A true input selects DG and must be low (I VOC) A false input selects VOR and
must be high (÷5 VDC)

6, Jumper BC must be connected in position 00 of DC 56 level detection (programmed sampled)

7. The interrupt jumper not connected

M. ANGLE

1. Source Supervisor's Panel

2, Destination . • POP 8/a
3, I/O - DC 56, J2.1 thru J2.10

4. Communicates command heading selected by the supervisor to the PDP 8/e for figure-of merit

computations

5. Ten lines are assigned to accomodate BCD'encoded angles in the range from 0 to 3600 True

inputs are low (0 VDC) and false inputs are high (+5 VDC)

6. Jumper BC must be installed in positions 01 through 10 of DC 56 for level detection

7. Interrupt lumpers not connected (programmed uampledl

N. SKIP ODD

1. Source POP 8/1
2. Destination Projection Sub System

3. I/O - DC 56. J19

4 A single line is provided to control slide skips in the odd set of prolectors and is program

controlled

5 A true output (0 VOCI will be provided for a duration of 8 second for a single slide skip

Multiple slide skips will be controlled by a succession (3 man) of single slide skip signals

spaced by at least one second

0. SKIP EVEN

I Source POP 8,/o

2 Destination Prolectioit Sub Sylttm
3 10 DC 56, J1 8

4 A sliogle line is provided to cmttol %lid@ skips ii0 thOw e'ven saet of projectors and is programnt

controlled
b S.ime as (5) above
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P. SLIDE ADVANCE RIGHT

1. Source POP 8/o
2. Destination • - Projection Sub.System
3. I/O - - DC 56; J1-10
4. The signal on this line controls normal single slide advances for the right half of the

series. This signal advances the ON-projector set by one slide, and gradually removes
power from the ON-set while applying power to the OFF set

5. A true signal having a duration of .8 second will be provided for each advance and is
under program control

0. SLIDE ADVANCE LEFT

1. Source • • POP 8/o
2. Destination - , Projection Sub-System
3. 1/O • DC 6, J1.11

4, 5. Same as 4 and 5 above except the control is on the left half of the projector series
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11 COMPUTER DIGI1AL I/O INTERFACES

OMNIBUS

DIGIIAL I/O DIGITAL 1/0 DIGITAL lI' DIGITAL [Io DIGITAL IO DIGITAL IVO
DR@ EA DRI E A DRS EA DRSI A DAB EA DRB EA
DC 50 DC 51 DC b2 DC 54 DC bb DC b6

-7,L

j I-

ýkJ

_ _ . .6

UQ

~4,

SLA

4. 4.4. 4 4' 44'5 6
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Ill, COMPUTER CHECK OF THE DIGITAL I/O SIGNALS

Two similar programs have been developed for checking the digital input and
outpurs used by the VDS. The program. M863 Digital Board Check-out, is
designed specifically for testing the M3 card only and does not check the
digital snout or output circuitry of peripherial devices interfaced with the com.
purer. For the MI63 Check-out. the output pots serve a inputs and are com
pared in order to ascertain if the board is functioning propedy. To effectively
use this program, some expertise is required with ODT (Octal Debugging Technique
for the PDP SI/) and computer hardware skills.

The second program, I/0 Digital Interface Check-out, requires minimal computer
skills and can be used to check the complete circuitly of the digital inputs. This
program requires that the channel number of interest be placed in the switch
register and the corresponding devise be activated (e.g., button pushed) for orn.
parison. If an error is detected, it will be necessary to run M863 Digital Board
Check-out to determine if the problem is on the interface board or elsewhere in
the circuit.

A. MS63 DWITAL BOARD CHECK-OUT

1. Procedures

Step 1. Cable the input and output ports of the card(s) together

Step 2. Load DDT (high) and the M863 Digital Board Checkout program

Step 3. Specifly the device code of card under test in location 321
using ODT, The device code is in the form of OXXO where
XX is the octal number of the device address (See Section V,
Part II). Location 321 is the content of A340

Step 4. Start the program with OOT. Starting address is 300

Step 5, When an error is found, control is given to ODT for trouble
shooting purposes. If no error is fouwid, the program continues
checking the card until the computer is halted.

Step 6. To check another card repeat steps 3, 4, and 5

2. Program Listing
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M863 DIGITAL BOARD CHECK-OUT

STWI~T, JMS INIT
TAD NUM
DCA MUN
TAD NUN
DD3SO
CLA CLL
Do'~
DCA TEMP
JMS INI?
TAD TEMP
CMA IAC
TALI '111N
SZA CLA
L1'!P I OCT
TAD LIUN
CLL .qAL
DCA >IUN
JMP SART+3

IN!?, I 0o
NOp
CLA C*1A
DEPCI
DBC 0

CLA CLL
illp I IN IT

ODT,

FD3CO=65115
DBDI u6533
:)BSO=6536

3E: 1 CLA CLL
TAD A3'43
1,1D A3J41
:'CA INIT+3
TAD A340
TAD A342
DCA I ýI!T.4
TAD A343
7AD A34?
OCA I N IT+ 5
TAD A34(0
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TAD A344
DCA START÷4
TAD A340
TAD A345
DCA START+6
JMP START

A340a 0
A341, 6003
A342, 6005
A343, 6000
A344* 6006
A345a, 6004
s

5.9
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J. 1/O DIGITAL I.1YERFACE CHECK OUT

1. Proceders

Step 1. Load the program I/O Digital Interface Check-out. IFollow Steps
A, B. C. ,and D of Appendix D, Part II For Step D substitute
this program for the Linking Loader.i

Step 2. Deposit 0500, in location 316., [Set the switch register keys to

316%, wress address load Then put 50W. in the switch register.
pull up momentarily on the switch DF.PI The middle two digits
of Owe is the I/O digital card numbtr.

Step 3. Start the program at location 3001,

Stop 4. The computer will immediately halt.

Step 5. Put 7407, in the switch register These are the input channels used
on card 50.

Step 6. Press the following keys on the intiructor's ronsole. START, STOP,
CONT, DET Ek, DET 13 DET 14 Also push the detect button

in the GAT -1.

Step 7. Press CONTINUE an the computer console

Stutp 8. The computer will halt immediately. If the accumulator contents
equal zero, all the channels check out properly. Otherwise the contents
inhicate which channel is malfunctioning. (See Section V, Part II.)

Step 9. Repeat Steps 2 through 8 with the following changes: deposit 051(l.
in location 316., put 7777 in the switch register, press buttons
DET 1 through DET 12.

Stvp 10. Deposit 0550, in location 316, and start the program.

Step 11. Place the toggle switches on the supervisor's console in tte following
positions: VFR, SUSPEND, 95 MPH. Put the altitude switch in
the 0/0 position and 6041, in the switch ritgister. To cheek this
card, it is imoerative that the altitude switch be changed appropriately
for the contents of the accumulator to be raninqful.

Step 12. Press CONTINUE. The accumulator contants should equal zero.

Step 13. Start the program. Change airspeed switch to 115 MPH and altitude
switch to 1000/2000. Put 2221, in the switch register, press

CONTINUE. Accumulator should equal zero.

Step 14. Repeat Step 13 only change the altitude switch to 2500/3000 and
put 2211, in the switch register.

Step 15. Repeat Step 13 wtih the altitude switch at 3500/4000 and put
2205, in the switch register.

s tep 16. Repeat Step 13 with the altitude switch at 4500/5000 and put
2203, in the switch register.

Step 1 7, Deposit 0560 in location 316, and start the program.

14
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Step 18. Put 4001, in the switch regliter. Put the LEVELiCLIMB switch
to CLIMB mnd the DGNVOR to DG. Set the thumbwhool switches
to a heading of 000. Press CON"INUE and check the accumulator.
If the contpints of the accumulator is not equal to zero, somnm familiarity
with the program a.d circuitry is required to determine which channel
is malfunctioning.

Step 19. Start the program. Put 6105 in the twitch register and set in
a heading of Ill. Press CONTINUE, check the accumulator.

Step 20. Repeat Step 19 with a heading of 222 and 5043, in the switch
register.

Step 21. Repeat Step 19 with a heading of 244 and 4423t, in the switch
register.

Stap 22. Rep-at Step 19 with a heading of 288 and 42131; in he switch
register.

2. Program Listing

5 11
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*209
START. JMS INIT

HLT
LAS
DCA MUN
CLA CLL
DBRI
DCA TEMP
.JMS IWAT
TAD TEMP
CMA IAC
TAD "IUN~
SZA
'iL T
DCA TEMP
drIP STAnT

INOP
CLA CMA
D3CI
D13CO

CLA CLL
JMP I INJIT

ODTo 70

TEMP?, i
DBCI-653-'
D!3C0-65 05
D!3DI 6500
D!35O=650

6

*3 ~D911I 6504

BEGj CLA CLL
TAD A340
TAD A34~1
DCA INIT.3
TAD A340
TAD A342
DCA INiIT.4
TAD A34~3
TAD A340
DCA INIT+5
TAD A340
TAD A34'5
DCA STA:iT4 5
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JMP START
A340, 0
A34uI0 6003
A342, 6005
A343, 6000
A344, 6006
A345, 6004
$51
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IV. DIGITAL SIGNAL FLOW
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

START S29,PA I L DCSO:J2.0
S27-PB1 L

STOP S29-PC1 L DC501J2-1
S27 PD2 L

CONT S29-PB1 L DC50:J2.2
S27 PD1 L

DETECT IDET) PUSHBUTTON IN COAX L DC50 J2-8
GAT -1 S27-PJ1 L

DET ERR PUSHBUTTON ON S29PD2 L DC50 J2.9
___ SP S27 PM2 L

DET SECT 13 PUSHBUTTON ON S2) PD1 L DCS0J2 10
SP S27 PL1 L

DET SECT 14 PUSHBUTTON ON S29PE1 L OC50 J2.II
SP S27,PP2 L

DET SECT 1 PUSHBUTTON ON S29.PE2 L 0C51J20
SP S28-Pal L

DET SECT 2 PUSHBUTTON ON S29 PHI L DC51 J2.1
SP S28.PD2 L

DET SECT 3 PUSHBUTTON ON S29 PF2 L DC51 J22
SP S2 PDI L

DE T SECT 4 PUSHBUTTON ON S29PJ1 L DC51 J2 3
., _ _ _ . sp. S2sPE2 L __

DET SECT 5 PUSMBUTTON ON S29-PH2 L DC51 J24
SP S28,PE 1 L

DET SECT 6 PUSHBUTTON ON $29PK1 L OC51 J25
SP S28 PH2 L

OE T SECT 7 PUSHBUTTON ON S29.PJ2 L DC51J26
___________SP S28 PHI L

MW T SECT 8 PUSHBUTTON ON S29 PL2 L DCbl J2 7
SP S28 PK2 L

DE T SECT 9 PUSHBUTTON ON S29PK2 L D J28
__ __ _ _ _ SP 5-.28 PJi L_ __ _ _ _ _

DET SECT 10 PUSHBUTTON ON S29 PM2 L DC51 J2 9
__ LSP .S28 PM2 L .,

DETSECT11 PUSHBUTTON ON S29 PM1 L DC51 J2 10
SP S28 PL1 L_

DETSECT12 PUSHBUITON ON S29.PN1 L OC51 J2 11
SP S28 PP2 L
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

AIRSPEED I TOGGLE SW ON SP S30-PAI L DC55.J2,0
95 MPH S31 PS1 L

TOGGLE SW ON SP S30-PCI L DC55,J2.1
SUSPEND $31 -PD2 L

S30-PBI L DC55 J22
S31 -P)1 L

"S30PD2 L DC55J2.3
S31-PE2 L

AIRSPEED 2 TOGGLE SW ON SP S30-PoD L C5J24
115 MPH S31-PE I L

S30-PE2 L DC55 J2'5
S31.PH2 L

ALTITUDE 1 ROTARY SW ON SP S30.PE1 L DC55 J2.6
0/0 S31 PHI L

ALTITUDE 2 ROTARY SW ON SP S30-PHI L DC55 J2 7
1000'2000 S31-PK2 L

ALTITUDE 3 ROTARY SW ON SP S30-PF2 L DC55 J2,8
2500/3000 S31-PJ I L

ALTITUDE 4 ROTARY SW ON SP S30-PJ1 L DC55 J2 9
3500,4000 S31 P%12 L

ALTITUDE 5 ROTARY SW ON SP S30,PH2 L DC55 J2.10
450015000 S31 PL1 L

VFR IFR TOGGLE SW ON SP S30.PJ2 L DC55 J211
S31 PP2 L

DC55J1-0 S59PS1 L
S52 PR2 L
S52 PR1 I
S56-PR2 I

DC55 Jl' 1 S9 PO2 L
S52 PS2 L
S52 PS1
S56.PS 1

OC55J 1.2 S59 PD1 L
S53 PR2 L

S53 PR 1
S56 PS2

DC55 4J 1-3 S59.PE2 L
S53 PS2 L
S53 PSi
S56.PT2
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VDS I)I(ITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOUqCE LEVELS FOR IHUE DESTINATION

DC'b J1 4 Sb9 PE 1 L
Sb4 PR2
S54 PH I I
Sb'6 PU I

DCbb J1 5 Sb9 PH2 L
S4 PS2 L

S54 PSI
Sb6 PU2

CG VOc TOGGLE S" )% SP S32#P1 L p'Cb6 J. 0
SS30 PK I L

ANGLE BCD UNITS THUMBAWHE fL SM' ON ,12 P02 L OC56 J2 1
SP S30 PL2 L

ANGLE BCD UNITS THUMB,[iýHEE SL ON .S32 PDI L OIC56 j2 2

,21, SP S30 PK2 L

ANGLE BCD UNITS THLJMBAHE E L SW ON S32 PE2 L DC56 J2 3
,2, _sp SJ0 PM12 L_

ANGLE BCD UNITS THUMBWHEE L SA ON S32 PE 1 L DC56 J24
23 SP s.o PMI L

ANGLE BCD TENS THUMBAHEEL SA ON S32 PH2 2 b
20 SP S3o PN2 _

ANGLE BCD TEN" THUMBiHEEL SA 0% S32 PHIL DLb6 J2.'6
"21 _ _ SP bJU PN1 L

ANGLE BCD TENS THUMBffiHEEL Sv% ON s .3' PK2 L DC56 J2 1
22SP S.10 PH I L

NGLE BCD TENS THUNMRAHE E L NA 0% S.12 PJ1 L Dc,'b J3,8
SP S30 PP2 L

ANGLE BCD 100 THU.JWHHt L S.% ON S32 PM2 L ,•,'• J2 9
, 'I SP S 3) PS I L

,ANGLE BCD 100 s THLI%l HEL SA ON S32 PL1 L Ic1 5 J2 10
2I _ _ 'SP S34 PR2 L

0(71b6 JI o $60 PB1 L
S!1 PI-;2 L
Sbl PRI
S56 PV I

LEVEL CLIMB TOGGLE ,1 ON SP S32 P2 L ()Ct'it J2 11
S30 S2 L
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

SK EVEN DC56 J148 60 PPJI L PROJECTION SYSTEM
S48 PV I L

48 PU1 H

64 P.J2 H
64 PS2 I

62 H2

62 PD2 COMf

30 PT2

62 PE2 NO

_30 PU2

SK ODD DC56 J 1 9 60 PM2 L PROJECTION SYSTEM
48 PS2 L

PT2 H

63 PJ2 H
63 PS2
62 PJ?

62 PL2 COmm
30 PT2

62 PM2 NO
30 PP1

SL %L\ 46.T DCNC5 *1 10 60PLI L PROJECTION S" STEM
r••PRI L

Ps i

',3 P02

63 PR2
61 PJ2

61 PL2 COM#P
30 PT2

61 PM2 NO
;30 PV I

SL \DV LFT Dcr56 )1 11 60• PiP2 L PIOJtCTION• SYSTFYM
AIS PU 2 L

;8PV 2 H
;64 P02 H
;64 PR 2 I
;61 PH 2

;61 PD2 C 0 i3p/ l
;30 PT2

ri

561 VE 2
53.0 Pt)1I



VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

DC52: J 1 - SS-pel L 6-S10 A S38*542*PIN Al (LOW)

DC52:Jl-l S5.PD2 L 56510O & S38-S4?-PIN Dl (LOW)

DC52:J1.2 S5.PDI L S6-SlO & S365S42-PIN Hl (LOW)

DC52:Jl.3 S5-PE2 L So-Sl0 &S3S-S42lPIN Li (LOW)

DC52:JIA4 5-PEl L S6-S1O & S38-S42lPN P1 LOW)

DC52:J1-5 S5-PH2 L 564106& S3a.5A2.PIN 02 (LOW)

DC52:Jl-6 S5-PHIl L 56-10 & 536-S.42PIN H2 (LOW)

DC52:Jl.7 SF,-PK2 L 56-5106 &538 S421PIN L2 (LOW)

DC52~Jl - SS.Pil L 565106 S3-S421PlN P2 (LOW)

DC52JI-9 S5-PM2 L S6*Sl0& S38-S42lPN T2 iLOW)

DC54:Jl*0 S37ýPBl L 56-PINS 81. El. J11. MI. RIl E2.
JZ, Ml. Al&Ul2 ILOWI

DC54-JI-I S37-PD2 L Sl-PlNSBI.El.Jl.Ml Al El.
J2, M2. R2 & U2 'LOW)

DC54:JI2 S37-POI L SS.PINS81, El. JIMI. I El,
Jl, Ml, A&l2 U'LOW'

DC54:JI 3 S37.PE2 L 56-FINS 81, El, Jl, MI. Rl. El,
Jl, M2,RAl2 & ? LOW)

DC54: J1 4 S37-PEl L SI0-PINS 81, ElI. J1. Ml, AlI. El.
Jl,M2.R2&U2 'LOW)

DC54: J1 -5 S37-PH2 L S38-PINS 61. El. Jl, Ml, Rl, El.
Jl. Ml.R2& U2 ILOW) '

DC54 Jl-6 S37-PHI L S39-PINS 61, El, JI, Ml Ri, E2,
J2, M2, Rl & U2 (LOW)

DC54: J 1.7 S37-PK2 L S40-PINS 61, El1. J 1 MI, Ri1, E2,
J2,M?.R2&U2 (LOW)

DC54:Jl- S37-PJI L S41-PINS 61, El. J1, Ml, Rl, :2.
J2. M2, R2 & U2 (LOW)

DC54:J 1-9 537-PM? L IS42-PINS 61, E 1 JI. MI, R 1, E;'.
J2, M2, R2 & 0J2 (LOW)
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S6-PCl H S12 PCI H
S12 PD2 L

SIB PD2 L
SIB PDIiEND)

S P

S6.PF 1 S12 PD1 H
S12 PE1 L
SIB PE2 L

SSIBPE IENDý I

S P

S6PKI H 12 PE2 H
S12 PF2 L
SIB PF2 L
Si PF I(END' I
S P

S6PNI S12 PF I
S12 PHI L
SIB PH2 L
S18 PH1,END.
S P

S6PSI S $12 PH2
S12 PJ2 L
S18 Pj2

$18 PJi1IEND
S P

S6 PF2 H S12 PJi
S12 PK 1
S18 PK2 L

S18 PK I END
S P

S6PK2 k 12 PK2 H
S12 PL2 L
S' 8 PL2 L
F 18 PL I
S24 PA I

S6.PN2 H 12 PL1 H
S12 P•,I L

S 18 P%12 L

S24 PB1

S6.PS2 H S 12 PM2 H
S12 PN2 L
S18 PN2 L
S18-PNI
S24 PCi

;6-PV2 H S12 PNI H
S12 PP1 L

S18 PP2 L
S 18.PPJ
S24 PD 1
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S7-PC1 H $13-PC1 H
S13-PD2 L
S19-PD2 L
S19-P I
S24PD2 i

S7 PF1 H 13-POI H
S13.PE1 L
S19-PE2 L
S19-PEI I
S24,PEI I

S7 PK1 H $13 PE2 H

513PF2 L
S19-PF2 L
S19.PF 1I

$24 PE2 I
S7 PN1I S13.PF I

513-PHI L
S19-PH2 L
S19.PHI I
S24.PF1 I

S7 P'SI H S 13-PIM2 H

S13-PJ2 L
S19PJ2 L
S19-PJI I

S24PF2 I

S7PF2 H S13-PJl H
S134PKI L
S19-PK2 L
S lgPK 1
S24 PHI I

S7 PK2 H $13 PK2 H
13-PL2 L
19 PL2 L
19-PLI

$24-PH2 Ir___

S7PN2 H 13 PL1 H
13 Pk1 L
19 PM2 L
19,PMI
24 PJI

S7 PS2 H 13-PM2 H
13 PN2 L
19-PN2 L
19 PN 1
24 PJ2

S7-PV2 H 13rPN1 H
13 PP1 L
19 PP2 L
19-PPI1

_24 PK 1 I
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

SaPCI H S14.PC1 H
S14-P02 L
S20-PD2 L
S20-PDI
S24 PK2

SB PFI H S14.PDl H
S14PEI L
S20.PE2 L
S20.PE 1
S24PL P1

S8.PK I H S14.PE2 H
S14 PF2 L
S2O PF2 L
S20 PF 1
924-PL2

SSPN1 H S14 PF1 H
S14.PHI L
S20.PH2 L

S20 PHI
S24 PMP

$e PIS H S14.PH2 H
S14 P J2 L
S20.PJ2 L
S20 PJ I
S24 PM2

S14-PKI L.

SPPK2 LS20 PK I

S24PPN I2

S8 PK2 H 14 PK2 H
514,PL2 L
520 PL2 L
520 PL 1
S24 PN2I

S8 PN2 H 14 PL1I H
514 P%1 1.
$20 PM2 L
S20 PNI I
$24 PP1 I

S8 PS 2 H S14 PM2
;14.PN2 L
;20.PN2 L
;20 PN I
;24 .PP2

S8 PV2 H 14 PN H
514 PPI L
•20 PP2 L
$20 PPl

i •~24 PR I

5.22

L. . .:"', . .. /



VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S9-PC1 H $15.PCI H
S15-PD2 L
S21,PD2 L
S21 .PD1I

S24_PR2__

S9.PF 1 H S15.PD1 H
S15,PE1 L
S21-PE2 L
S21-PEI I
S24,PS1

S9,PK1 H S15PE2 H
S15.PF2 L
S21-PF2 L
S21 -PF1 I
$24.PS2

So.PN IH S15-PF I H
S15.PHI L
S21.PH2 L
S21 .PH1
S24.PT2

S9.PS1 H S15.PH2 H
S15-PJ2 L
S21 PJ2 L
S21 .PJ I
S24-PU 1

S9-PF2 H 15.PJI H
15.PK1 L
21 PK 2 L
,21.PK1
524.PU2

S9-PK2 H 15PK2 H
15.PL2 L
21 -PL2 L
21.PL1

__ _ _ _ __ _ _ _ _ 24...v.1_,

S9.PN2 H 15-PL H
15.PM1 L
21 .PM2 L
21 PM1

_24.PV2

S9-PS2 H 15 PM2 H
15-PN2 L

;21 PN2 L
;21 .PN1 I

25 PAN L

S9-PV2 H 15.PN1 H
15,PP1 L
21 PP2 L
S21 PP1

jS25 PB1 I
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND ________________________

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S1O.PC1 H S16-PCi H
S16-PD2 L
S22-PD2 L
S22-PD 1 I
S25-PCi I

S1O-PF1 H S1B-PD1 H
S16-PEI L
S22-PE2 L
S22-PEII
S26-PDI

S1O.PK1 H S16-PE2 H
S16-PF2 L
S22-P F2 L
S22-PF 1

________________ 25-P02 I ______________

S1O-PN1 H S16-PFI H
516-PHi L
S22-PH2 L
522-PH 1
S25-PEl

S1o-P?1 H S16-PH? H
S16-PJ2 L
S22-PJ2 L
S22-PJ1
S25-PE2

S10-PF2 H S16-PJI H
Si 6-PK 1 L
S22-PK2 L
S22-PKI1
S25-PF 1

S1O-PK2 H S16-PK2 H
S16-PL2 L
S22-PL2 L
S22-PL1
S25-PF2

S1O-PN2 H S16-PLi H
S16-PM1 L
922-PM2 L
S22.PM 1
S25-PHI

S 10- P'l,2 H 16-PM2 H
i6-PNv2 L
22-PN2 L

___________________ 22-PN_ 1_____________________

25-PH2

S1O-PV2 H 16-PN 1 H
16-PP1 L
22-PP2 L
722PPi
25-PJI1
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND -
SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S38.PC1 H 54PUI H
S44-PD2 L
S50-PD2 L
S50-PD1
S25.PJ2

S38-PFI H S44-PD1 H
S44-PEI L
S50.PE2 L
S50-PE 1
S25-PK1

S38-PKI H S44-PE2 H
S44.PF2 L
S50-PF2 L
S6O.PF1I

_______________52-PK2_________ ____________

S38-PNI H S44-PF I H
S44-FH1 L
S50-PH2 L

S25-PLI

S38-PSI H 544.PH2 H
S44-PJ2 L
S50.PJ2 L.
S50.PJ1
25-PL2

538PF2 H -Pi I H
-PK I L

50-PK2 L

50PK1 I
__________ 25-PMI I _ _ _ _ _ _ _

538PK2 H -PK2 H
*PL2 L.
-PL2 L

50-PLI
25-PM2I

.ý38^P2 , 34. PL1

S50-PMI
S25-PNI

S39.PN2 H S44-PM2 H
S44-PN2 L
S50'MN2 L.
S50-1. 41
S25-PN.'________

S38-PV2 H S44-PN I H
S44-PP1 L.

S50-PP2 L

______________ S25-PPI ____
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S39-PCI H S45.PC1 H
S45.PD2 L
S51-PO2 L
S51 .PD1
S25.PP2

S39.PF 1 H S45.PD1 H
S45.PE 1 L
S51.PE2 L
S51 -PE 1
S25.PR 1

S39.PK I H $45.PE2 H
S45.PF2 L
S51 PF2 L
S51 PF1
$25.PR2 I

S39PN 1 H S45 PF I H
So -PH 1 L
S51 -PH2 L
S51 PHI
S25.PS I

S39 PS1 H 5 PH2 H
445 PJ2 L
51 PJ2 L
51PJ 1
252.PS2

S39 PF2 H 45 PJI H
145 PK 1I
51 PK2 L

1 PK1 I
525 PT2 I

S39 PK2 H $45 PK2 14
S45.PL2 L
S51 PL2 L

51 PLI
125 PU I

S3fPN 2 H SPLI H
S45 PM1 L

-J11 PM2 L

I5 PMI

S39 PS2 H S45 PM2 H
S45 PN2 L
S51 PN2 L
S51 PN1
S25 PV/ I

S39.PV2 H S45 PN I H
S45 PP I L
SblI PP2 L
$61 PP1

S-PV2
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VDS DIGITAL SIGNAL FLOW

TEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S40-PC1 H $46.PC1 H
S46-PD2 L
$52.PD2 L
$52-PD1 I
S56.PA 1 I

S40-PP• H S46-PD1 H
S46.PE 1 L
S52.PE2 L
S52-PE1 I
S56.P61 I

S40FPK1 H S46,PF2 H
S46.PF2 L
S52.PF2 L
S52.PF1 I
S56.PCI

S40.PN1 H S48-PF 1 H
S46.P,41 L
S52.PH2 L
S52.PH1
S56-PD1

S40.PSI H S46.PH2 H

$46.PJ2 L
$52.PJ2 L
S52-PJI
S56-P02 I

S40.PF2 H S46-PJ I H
S46-PK 1 L
$52-PK2 L
S52.PK1 I
S56.PE1 Iu

S40.PK2 H S4".PK2 H
S46-PL2 L
S52.PL2 L
S52-PL1 I
S56.PE2 I

S40-PN2 H $48-PL1 H
S46.PMl L
S52,PM2 L
S52.PM1 I
S56.PF 1

S40-PS2 H S46.P M2 H
S4G-PN2 L
S52.PN2 L
S52.PN 1
S56.PF2 I

S40-PV2 H S46-PN I H
S46-PP1 L
$52-PP2 L
552,PPI1
S56-PHI
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.........

VDS DIGITAL SIGNAL FLOW

TEST POINTS AND
SIGNAL SOURCE LEVE~LS FOR TRUE DESTINATION

S41-PCI H S47-PCI H
S47-P02 L
S53-P02 L
S53-PDII
S56-PH2I

S41 PF I H £47*PDI H

S53-P12 L

353.PEI

S41 PK I H S47-PE2 H
S47-PF2 L

53.2L
53.PF I

_____ ____ ___ ____ ____ __ 5 PJ2I
S41PN1 H 7PF2
SAIPIH 7.PH1 I

77aPHI L

3P53-PH2 L

56.PK II

S41 -PSI H S47-PH2 H
S47.PJj L
S53.PJ2 L
S53.PJI

54G.PK2

541.PP2 H 7.Pil m
7-P I1 L

53-PK2 L
53 PX I
58-PL1 I

541 PlC? H ?-PK2 H
7-PL2 L
3-PL2 L
3.PLI

54-PL2I
S41 -PN2 H 7PLI H

7-PMI L
53.PM2 L

3.Ptdl

S4 I PS2 H 7-PM2 H
7-PN2 L

53-PN2 L
PN1 I

54.PM2I

541 PV2 H S7PIH

;3.PP2 L
S3-PPI
S6-PNII
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VDS DIGITAL SIGNAL FLOW

TIEST POINTS AND

SIGNAL SOURCE LEVELS FOR TRUE DESTINATION

S4-C m 48-PCi H
S48.PD2 L
S54-PD2 L
S54 -PO II
S5O-pN2I

S42-PFI H S48-POI H
S48PE I L
S54.PE2 L
S54-PEtI I
S~b6-PpI

S42-PlC I H S48.PE2 H
S48-PF2 L
S54.PF2 L
S54-PF II
Sfl6-PP2I ______________

S42-PN I H S48-PF I H
S48-PHI L
S54-PH2 L
S54-PHI I
S38-PRI I

S42-PSI H S484PH2 H
S48,PJ2 L
S54-PJ2 L
S64-PJII(END II

S *P

S42-PF2 H 548-Pit H
S48-PKI L
S54-PK2 L
S54*PKI(ENDII
S *P I _ _ _ _ _ _ _ _ _ _ _ _ _ _

S2-PK2 H S48-PK2 H
S48-PL2 L
S64-PL2 L
S54-PLIIEND)
S -PI

S2.PN'? H S48-PLI H
S48-PMI L
S54 PM2 L
S54-PMIIEND)
S -PI

S42-PS2 H S48-PM2 H
S48-PN2 L
S54-PN2 L
S54.PNI(ENOII
S -P

S42-PV2 H S48-PN1I H
s48-PpI L

IS4 -PPED
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VDS ANALOG SIGNALS

SIGNAL DESCRIPTION

A. BAROMETRIC PRESSURE

1. Source . Supervisor's Console
2. VDS Source .- J1942
3. Link Drawing Number -. A13.1
4. Destination .- FOP 8/e
5. AID -. Channel 9, Address 0100
6. Range of Input -. ± 15 VDC, 29.00 to 31.00 inches of mercury
7. Scale of Input -- 61.33 feet / VDC; 920 feet/inch of mercury

B. FIELD ELEVATION

1. Source -- Supervisor's Console
2. Link Drawing Number .- A13-1
3. Destination .- GAT.1, J1941
4. This signal is not used by he computer program, but is necessary Tor

calibration of other signals.

C. ALTITUDE

1. Source .- Altitude Card (633737E)
2. VDS Source .- J19-V
3. Link Drawing Number .- A13-1
4. Destination -- POP 8/e
5. A/D .- Channel 6, Address 0101
6. Range of Input .. 0 to -15 VDC, 0 to 20,000 feet
7. Scale of Input . 1333.33 feet/VDC; .00075 VDC/foot

D. AIRSPEED

1. Source -- Relative Wind Card (633743E)
2. VDS Source .- J20-24

3. Link Drawing Number .- A1O
4. Destination .- POP 8/e
5. A/D -- Channel 5, Address 0100
6. Range of Input -- 0 to -10 VDC; 0 to 160 MPH (139 knots)

7. Scale of Input -- 16 MPHVlCC; .0625 VDC/MPH

6-1



E. RATE OF CLIMB

1. Source ,- Altitude Card (633737E)
2, VDS Source .. J19.T
3. Link Drawing Nuriber - A13.1
4. Destination -. POP 8We
5. A/D -. Channel 7, Address 0110
6. Range of Input 0 to + 10 VDC. 0 to 2500 feet/minute7. Scale of Input 250 feet per minute climb/ . VOC; 250 feet per minute

descent/ + VDC

F. SINE OF HEADING ANGLE

1, Source .. ADF Card i633731EI, input from motion base system (633002)
2. VDS Source .. J5.H
3. Link Drawing Number .. A31.1
4. Destination - POP 8 e
5. A/0D Channel 3, Address 0100
b. Range of Input .. 10 VDC
7. Scale of Input V-C " 10 ine .0DC - 10sn is 00 to 3600

G. COSINE OF HEADING ANGLE

I Source ADF Card (633731EI. input from motion base system '633002)
2. VDS Source - JS.K
3. Link Drawing Number,. A31-1
4. Destination.. POP 8
5 AID , Channel 4 Address 0011
6. Range of Input - 10 VOC
7. Scale of Input VDC - 10 cosine i is 0 to 3600

K VOR DEVIATION o . S

1 Source VOR/ILS Card (633723E)
2 VDS Source J9.4"
3. Link Drawing Number .. A32.1
4. Destination .. POP 8/e
5. AiD • Channel 8. Address 0111
6. Range of Input + 10 VDC7 Scale of Input * VDC indicates fly right . VDC indicates fly left.There is no scale in degrees or distance Wdscated in GAT I hteratureFrom GAT -t operations, it appear, to be approximately 100 ,VtC,
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SINE OF PITCH ANGLE

1. Source -- Attitude Card (633745E); input from motion base svstem (633002)

2. VDS Source -. J22-21

3. Link Dravjng Number A15
4. Destination - POP 8/e
5. A/D ,- Chainel 2, Addeoss 0001
6, Range of Input +. * 964 to • 6 13 VDC
7. Scale of Input VDC - 15 sine 2 0, Q is +200 to 100; + VOC for nose-up,

"IDC for now-dcown.
8. This analog input is not presently used in the VDS system,

J, SINE OF ROLL ANGLE

1. Sorce .. Attitude Card ý633745E), input from motion base system (633002)

2. VDS Source . J22.30
3. Link Drawing Number A16

4. Destination -. POP 8 a
5 A,'D Channel 1 Address 0000
6. Range of Input + 145 VOC
7. Scale of Input VOC - 15 sine 6 ii. 12.50 to 12550, VDC

for righ: bank. VDC for left bank

8. This analog input is not presently used in the VDS system.

K. WIND VELOCITY

1 Source Supervisor i Console
2. Link Drawing Number • A22 1

3. Destination -. GAT1. J6639
4. Range of Output i,6-.S) 0 to + 10 VDC. 0 to 100 knots
5. Scale of Output 0J6i. 10 knotsiVDC
6. Although this signal is not used in the VDS program, it is important ior vary

ing task loading. To ensure that task loading is constant. it is nocessar'n to
calibrate this signal and periodically check the voltage outputs

L. WIND DIRECTION (SINF HEADING)

I, Source .. Supervisor's Colsole
2 Link Draw~ng Number - A22 1

3 Destinaton .. GAT I J6 15
4 Range of Input *. 10 VDC
5. Scale of Input VDC - 10 sint , to 3600
6 Same as 6 above

M WIND DIRECTION (COSINE HEADING)

1 Source - Supervisor's Console
2. Link Drawing Number A22.1
3 Destination .. GAT 1, J641

4 Range of Input + 10 VOC
5 Scale of Input V\C 1 10 cotine - 0 to 3600
6 Same as 6 above
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II. CALIBRATION PROCEDURES

A. BAROMETAIC PRESSURE

Calibration of this analog signal is to be performed under the following conditions:

a. GAT-1 Electrical Power ON
b. Servo Systems for Roll, Pitch, and Yaw SHUT DOWN
C. Engine SHUT DOWN

Step I. Connect a DVM (Digital Voltmeter) to output signal BNC connector
labeled BARD located on the GAT.1 Outputs Connector Panel at
the back of the Supervisor's Console.

Step 2. Adjust BARO potentiometer located on the front of the Supervisor's
Console until the DVM reads 0 volts.

Step 3. Connect DVM to BNC connector labled ALT and adjust potentiometer
labeled FIELD ELEVATION to 0 volts. Lock in t, is setting.

Step 4. Check to see that the altimeter in the GAT.1 is reading zero feet at a
barometric pressure setting of 30.00. If a zero altimeter reading is not
obtained, reset the altimeter. For this adjustment, loosen the baro set
screw located at the lower lefthand side, push the set screw aside, and
then pull out the barD knob and set. Both field elevation and barometric
DVM readings should be 0 volts.

Step 5, At this point, initial conditions for calibration are established. Record
the BARD and AI.T voltage, and the baro adjust pot on the Supervisor's
Console.

Step 6. Increment present value of mechanical barometric pressure on altimeter by
a value of .04. Use the knob at the base of the left hand side of the
altimeter.

Step 7. Adjust potentiometer BARD to obtain an altimeter reading of zero feet.
Record the voltage readings from BNC connectors, BARD and ALT, and

the baro potentiometer dial setting.
Step 8. Repeat steps 6 and 7 until the tol) full range (31.00) of the mechanical

barometric pressure on altimeter is ,::,,red.
Step 9. Repeat steps 6 and 7 for .04 decreasing values from initial conditiors

until the bottom full range (29.00) is covered.

B. FIELD ELEVATION

Calibration of this analog signal is to be done under the following conditions;

a. GAT-1 Electicai Power On
b. Servo Systems for Roll, Pitch, and Yaw SHUT DOWN
c. GAT.1 Engine SHUT DOWN

Step 1. Connect a DVM (Digital Voltmeter) to output signal BNC connector
labeled BARD located on the GAT.1 Output Connector Panel at the
back of the Supervisor's Console.

Step 2. Adjust the BARO potentiometer on the front of the Supervisor's

Console for a DVM reading of 0 volts.
Step 3. Connect a DVM to output signal BNC connector labeled ALT
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Stop 4. Adjust the FIELD ELEVATION potentiomneter until a reading of
0 volts is obtainsed.

stop S. Set the meschanical barometfic pressure on altimeter to a value of
30.00. If the altimeter reading is not zero feet, reset the altimeter
(see Step 4 of the barometric pressure calibration).

Step 5. Adjust the FIELD ELEVATION potentiometer to obtain altimeter
readings ranging from 0 to 3000 feet in 100 feet increments. Record
the dial set-ting of the FIELD ELEVATION potentiometer and voltage
readings for the various altimeter indications.

C. ALTITUDE

Calibration of this analog signal is to be performed under the following conditions:

a. (3AT.1 Electrical Power ON
b. Servo Systems for Roll, Pitch, and Yawv SHUT DOWN
C. Engine SHUT DOWN

Step 1. Com'itict a OVM (Digital Voltmeter) to output signal BNC connector
labeled ALT located on the GATi1 Output Conuector Panel at the back
of the Supervisor's Console.

Step 2. Set the mechanical barometric pressure on altimeter to 30.00 and the
altitude to tero feet. The DVM readings for 8ARO &Wd ALT should
be zero. If not, do Steps 2, 3. and 4 of the barometric pressure
calibration.

Step 3. Set the altinitor for altitudes ranging 0 to 10.000 feet in increments

altiete ca bemanually controlled bv the pushbutt. switches on the
outsde dgeof he ltitde ardin he AT.This card ,%. in the

DdA1P ecreased the alimte readings infeeete lietrsetn; lc

Step 4, VWY n the calibration is complete, reset the altimeter to ground level
using the manual controls referred to in Step 3. Tlhe light bulb on the

attdcadwill come on and a tire scec ilb or hnthe
GAT1 oacesthe ground. The DVM reading for ALT should be
0 VOC If 0VDC is not obtained, repeat Steps 2, 3. and 4.

C. ngie SUTDOWN

Stop1, onnet aDVM (Digota Voltmeter) to output signal BNC connector
labledIASlocated on the GAT I Output Connector Panel at the back
ofteSupervisor's Console.
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Step 2. Change the mecha .!,%I airspeed indicator for speeds ranging from 40 MPH
to 160 MPH in increi, ents of 5 MPH using the manual controls. Rer.,
the DVM reading and the airspeed indicator reading. (The relative wind
card has a switch which enables manual control of the airspeee, by a

10.turn potentiometer. For manual control, the switch must i•e placed in

a 0 Nwnward position, and the pot adjusted (clockwise) unitl airspeed indi-
ca. - has the desired readiiVg. Both the switch and the pcntentionieter are
located on the outside edge of the card. This card fits i-n siot J20 and
is the sixth card from the right on the top rack in the tail section.]

Step 3. When the calibration is complete, reset airspeed ta 0 VDC and place
the switch to the upward position.

E. RATE OF CLIMB

Calibration of this analog signal is to be performed under the following conditions:

a. GAT.1 Electrical Power ON
b, Servo Systems for Roll and Yaw SHUT DOWN

c. Servo System for Pitch ENERGIZED
d. Engine ON

Step 1. Connect a DVM (Digital Voltmeter) to output signal BNC connector
labeled R/C located on the GAT-1 Output Connector Panel ai the back

of the Supervislr's Console.
Step 2. Push in throttle and air mixture controls fully. Release parking brake

(push in the control) and let airspeed build up to at least 80 MPH.
Ste" 3. Pull back on the yoke for a climb attitude of approximately 500 faet/

minute as read by the Vertical Speed Indicator. St,ut down the pitch
servo system,

Step A. Increment the Vertical Speed kidicator to 100 feet/minute climb rates
using the trim tab located on the lower right side of the cockpit.
Record the indicator reading and the DVM voltage. (Different pitch

attitudes may be required to obtain measures from 0 to 1000 feet/
minute. To change pitch attitude: put the trim tab to its neutral

position, energize the pitch serv') system, and change attitude to
desired level.l -ape

Step 5. Repeat Steps 2 And 3 for the descent attitude of the GAT-1.
Step 6. Bring the GAT-1 to ground level either by descent pitch attitude

(servo system ON) or by use of the manual controls on the a,'itude
card. Put the trim tab to neutral position.

I.

F. HEADING

Calibratioo of this analog signal is to be performed under the following conditions:

a. GAT.1 Electrical Power ON
b. Servo System for Pitch and Roll SHUT DOWN
c. Servo System for Yaw ENERGIZED
d. Engine SHUT DOWN
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Step 1. Connect a DVM (Digital Voltmeter) to output signal BNC connector
labeled HOG sin located on the GAT-1 Output Connector Panel at
the back of the Supervisor's Console.

Step 2. Set the airspeed indicator to 100 MPH using the manual controls on
the relative wind card. See Part D. Step 2. [Airspeed is necessary
for rudder control of the Yaw motion system.]

Stwp 3. Set the Dirictionii Gyro Indicator to a particular heading (i.e., North)
using the rudder pedals. When the heading indication is reached, shut
down the Yaw servo system.

Step 4. Record the indicator reading and the DVM output.
Step 5. Change the BNC connector to HOG COS end record this voltage reading.
Step 6. Increment the heading 50 for the full 260° scale and repeat Steps 2, 3,

4, and 5.
3tep 7. Set airspeed indicator to zero and place the switch to an upward position.

G. VOR DEVIATION

Calibration of this analog signal is to be performed under the following conditions:

1. GAT-1 Electrical Power ON

b. Servo Systems for Pitch, Roll, and Yaw SHUT DOWN
C. Engine SHUT DOWN
.. MARK 12A Panel ON (upper knob on left half of panel)

. 'ý*p 1. Connect a DVM (Digital Voitmeter) to output signal BNC connector
labeled VOR DEV located on the GAT.1 Output Connector Panel at
the back of the Supervisor's Console.

Step 2. Slew the GAT-1 duq south of a VOR station (1800 radial) using the
slew switches on the X.Y plotter.

Step 3. Set the OMNI bearing (outer dial) selector to 00 using the knob at the

base of the VOR instrument. The VOR course indicator should read
TO station and the course deviation indicator needle should be in a
vertical position with 1800 at the top and 00 at the bottom. If not,

do not eontinue with the calibration procedures until this setting is
*chi wed. Check to see that the station location is programmed
pr, fly (see Section IX, Navigational Area Programming Panels).

Step 4. Record the mecheiiicai setting of the OMNI bearing selector and the
DVM reading.

Step 5. Repeat Step 4 'or the full 3600 range using 100 radial increment of the
OMNI beating selector. The VOR course indicator should read TO for
approximately a 1800 arc and FROM for a 1800 arc. For example,
when located die south of a VOR station, the course indicator should
read TO anywnere from 900 00 • 2700. A FROM reading should
be obtained from 90 ° 1800 2700. Az 9Yo0 And 2700 the TO/
FROM flag shouddread OFF.
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H. WIND VELOCITY

Calibration of this analog signal is to be performed under the following conditions:

a. GAT-1 Electrical Power ON

b. Servo Systems for Roll, Pitch, and Yaw SHUT DOWN
C. Engine SHUT DOWN

Step 1. Connect a DVM (Digital Voltmeter)to J6-S in the tail section of the

GAT.1.
Step 2. Set the wind velocity control, located on the Supervisor's Console, to

the OFF position (fully clockwise).
Step 3. Record the DVM reading and the knob no'i,oon.

Step 4. Turn the knob counter-clockwise 1800, Record the DVM reading.
Step 5. Continue making 1800 turns and record the readings until 10 full

complete turns have been made. Ideally, each tui; turn should be

equivalent to I VDC.
Step 6. After the calibrations are complete, return the control to zero, or

leave the knob at its highest setting and calibrate wind direction.

WIND DIRECTION

Calibration of this analog signal is to be performed under the following conditions:

a. GAT-1 Electrical Power ON

b. Servo Systems for Roll, Pitch, and Yaw SHUT DOWN

c. Engine SHUT DOWN

Step 1. Connect a DVM (Digital Voltmeter) to J6.S and set the wind direction

pot to the full ON position, and record the voltage reading. This
reading should be appromimately 10 VDC,

Step 2. Connect the DVM to J6.15 (sine heading).

Step 3. Set the wind direction pot located on the Supervisor's Console to 00.
Step 4. Record the DVM reading from J6.15 and the pot indication.
Step 5. Connect the DVM to 16-41 (cosine heading) end record this reading.
Step 6. Repeat Steps 3, 4, and 5 in 300 increments for the full 3600 range,
Step 7. After the calibrations are complete, set the wind control knob to zero.
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III. CALISRATION

Teble 6.1 through S.IX glve the actual mmsuremuents obtained in the initial calibration of the

analog signals used in the VOl systemn. Fiure. S-1 through 6-9 illustrate the functionel

relationship of each signal.

I.
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Table 6-1
BAROMETHIC PRESSURE CALIBRATION

Fwied l.vetion Pot sowing: 524

ON BOARD ANALOG ANALOG INSTRUCTOR'S
BARO BARO ALT BARO POT

29.00 Exceeds Limitation of Potentiometer
29.04 -14.57 .665 107
29.06 -13.78 .630 129
29.12 -13.18 .602 149
29.16 •12.51 -.570 172
29.20 •11.864 .541 194
29.24 -11.280 .514 214
29.28 -10.697 .486 234
29.32 -10.077 .458 255
29.36 9.514 .432 274
29.40 8.932 .406 294
29.44 8.353 .378 313
29.48 7.796 -. 353 333
29.52 7.192 .324 353
29.56 6.630 .299 372
29.60 6.058 *.272 392
29.64 5,472 .245 412
29.68 4.855 -;216 433
29.72 4.245 -.187 453
29.76 3.618 .158 475
29.80 3.082 , 133 494
29.84 2.461 .104 515
29.88 1.900 .078 r-"4
29.92 1.324 .052 553
29.96 .707 ,023 575
30.00 .000 ,008 599
30.04 .557 .033 617
30.00 1.065 .068 636
30.12 1.589 .082 653
30.16 2.313 .108 678
30.20 2.851 .133 697
30.24 3.369 .158 715
30.28 3,872 .183 732
30.32 4.428 .210 751
30.36 4.990 .236 770
30.40 5.553 .263 789
30.44 6.084 .288 808
30.48 6.697 .316 828
30.52 7.264 ,343 848
30.56 7.773 .367 865
30.60 8.327 .393 885
30.64 8.892 .419 904
30.68 9.514 .448 925
30.72 10.016 .471 942
30.76 10.596 .498 962
30.80 11.238 .528 984
30.84 11.853 .657 1006
30.88 12.45 .585 1026
30.92 13.00 .611 104
30.96 13.54 .635 1062
31.00 14.18 .665 1063
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Table 6 I1

FIELD ELEVATION

Altimeter Analog Altitude Pot Setting

-1000 .729 148
900 .653 165
800 .579 183
700 .506 203
600 .435 224

-500 .356 251
-400 .280 279

300 .206 309
200 .137 341
100 .064 376

0 .001 412
100 -. 079 455
200 .149 496
300 -* .221 586
400 .297 577
500 .373 617
GO - .449 654

700 .521 687
800 -. 597 719
900 .683 747

1000 .760 773
1100 .836 796
1200 .912 817
1300 .982 834
1400 1.061 857
1500 1.138 868
1600 1.210 881
1700 1.281 893
1800 1.367 906
1900 -1.427 914
2000 -1.490 923
2100 1.570 932
2200 1.640 940
2300 -1.714 948
2400 .1.795 955
2500 -1.869 962
2600 --1.942 968
2700 2.016 974
2800 2.089 979
2900 -2.169 985
3000 -2.248 990
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Table 6-111

ALTITUDE CALIBRATION

Altimeter Analog Altitude

0 + .019
100 .*54
200 .126
300 .202
400 .278
500 -. 356
000 .425
700 .499
800 .578
900 -. 660

1000 .730
1500 -1.109
2000 -1.471
2500 1.841
3000 2.217
3500 2.594
4000 -2.960
4500 -3.329
5000 --3.705
5500 4,085
6000 4.449
6600 41818
7000 -5.188
7500 -5.564
8000 5.931
8500 -6.308
9000 6,673
9500 7.059

10000 7.420
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Table 6.IV

AIRSPEED CALIBRATION

Airspeed Analog
Indicator (MPH) IAS

40 2.178
45 - 2.576
50 -- 2.919
55 - 3.255
60 -3.601
68 3.891
70 4.167
75 -4.487
80 4.755
85 5.097
90 5.389

96 5.749
100 - 6.068
105 6.413
110 6.722
115 - 7.006
120 7.432
125 - 7.775
130 8.130
135 8.451
140 8.781
145 9.062
150 - 9.314
155 - 9.595
158 -10.286
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Table 6.V

RATE OF CLIMB CALIBRATION

Vertical Speed Ascending Decending
Indicator Analog R/C Analog R/C

0 +0.021 -0.027
100 -0.335 +0.326
200 -0."84 +0.664
300 --1.025 +1.045
111 --1.374 +1.390
500 --1.735 +1.719

600 -2.035 +2.072
700 -2,328 +2.477

800 -2.760 +2.815
900 -3.102 +3.186

1000 -3.447 +3.480
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Table 6-VI

HEADING CALIBRATION
II li

DIRECTIONAL
GYRO INDICATOR ANALOG SIN ANALOG COS

00 + 0.195 - 9.919
100 - 1.633 -- 9.629
200 - 3.361 - 9.141
300 - 4.949 8.406
400 6.276 - 7444
500 -- 7575 6.168
600 - 8.512 - 4.921
700 - 9.307 - 3.311
800 - 9.753 - 1.782
900 - 9.918 - 0.010

1000 - 9,702 + 1.597
1100 - 9.152 + 3.192
1200 - 8.462 + 4.540

1300 - 7.382 + 6.051
1400 - 6.116 + 7.347
1500 - 4.777 + 84,33
1600 3.423 + 9.206
1700 - 1.801 + 9.786

1800 - 0.137 + 10o.P'%
1900 + 1.556 + 9.841
2000 + 3.162 + 9.326
2100 + 4.727 + 8.529
2200 + 6.189 + 7.497

231° + 7.450 + 6.250
240° + 8.459 + 4.906
2500 + 9.26. + 3.451
2600 + 9.831 + 1.724

2700 +10.028 + 0.017
2800 + 9.847 - 1.635
2900 + 9.294 - 3.191
3000 + 8.543 - 4.625

3100 + 7.457 6107
3200 + 6.127 - 7.417
3300 + 4.667 -- 8.478
340( + 3.166 9.216
3500 + 1.632 9.642
3600 + 0.195 - 9.919
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Table 6.VII

VOR DEVIATION CALIBRATION

OMNI Bearing Analog
Selector VOR DEV

0 .020
10 1.480
20 2,580
30 3.440
40 4,230
50 4.950
60 5.680
70 6.540
80 1.550
90 8.800

100 7,460
110 6.400
120 5.600
130 4,760
140 4.030
150 3.220
160 2.350
170 1.270
180 + 0.440
190 + 1.870
200 + 5.020
210 * 4.060
220 + 4.950
230 * 5.750
240 - 6.800
250 + 7610
260 + 8.870
270 +10.47
280 f 8.82
290 + 7590
300 6.560
310 + 5.610
320 + 4.730
330 + 3.810
340 + 2.910
350 * 1.720
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Table 6.VIII

WIND VELOCITY CALIBRATION

Pot Turns Voltage

0 .055
.5 .527

1.0 1.001
1.0 1.481
2.0 1.953
2.5 2.429
3.0 2.901
3.5 3.379
4.0 3.851
4.6 4.332
5.0 4.809
5.5 5.289
6.0 5.769
6.5 6.256
7.0 6.738
7.5 7.227
8.0 7.722
8.5 8.223
9.0 8.725
9.5 9.236

10.0 9.755
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Table GIX

WIND DIRECTION CALIBRATION

Wind Velcent - 10.0 -"9,5v

Pot Setting Sine Voltage Cosine Voltage

00 +0.063 +9.739

300 +5.063 +8.195

600 +8.673 +4.201

900 +9.664 --0.232

120 0 +8.320 4.927

1500 +4,537 8.5681

I8 0° +0,061 -9.738

2100 4,643 -8.370

240 -8.184 4.967

2700 9,756 0.260

300 0-8.530 +4.667

3300 -5.161 +8.222

3600 +0.063 +9,739
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IV. CALIBRATION OF POP /s. ANALOG CONVERTER

The A/D calibration test is done with a softwire program which collects 100 A/D sample
measurements and Waluhif an arithmetic everge of the samples. A voltage reference
electronic olrcult built by Electronics Service Division is used for input to the AID. and
the software program offers provisiorn for changing the gain of the Analog Voltcp Calibrator
unit. Figure 6.10 shows a block diagram of the test set up.

A. PROCEDURES

Step 1. Load the program (Follow Steps 1, 2, 3, and 4 of Appendix D, Part II.
For Step 4, set switches 6-11 to 30, instead of 33a and substitute the
Floating Point Program -23 bit for the Linking Loader. Repeat Step 4,
as above, but use the Binary A/D Calibration Program.)

Step 2. Install eight BNC cable from the Analog Voltage Calibrator to eight BX
connectors inside the POP 8/o mini computer. (Channels 1 and 2 are not
presently used In the VDS system.)

Step 3. Plug the Analog Voltage Calibrator into an AC receptacle,
Step 4. Turn power switch ON and let unit worm up for about fifteen minutes.
Step 5. Start the program. Set SR to 30s; press EXTD ADOR LOAD, Set

SR to 200., press ADDR LOAD. Press CLIAR and CONT.

Step 6. The program will print out the following heading. GAIN VIN CHI
CH2 CH3 CH4 CH5 CH6 CH? CHS.

Step 7. Select the value of Vin desired on the Analog Voltage Calibrator hy the
control knob on the unit and set the polarity switch, Initially sat the
control to zero and polarity switch to plus. (There are six values ranging
from 0 to 5 which can be selected. These values represent t#,e input
voltages to the A/D.)

stop 9. Select from the following chart which gain value is desired. Initially
select a gain of 1. (With a gain greater than 1, testing can be done for
voltages over 5 VDC.)

Gain Character -!ut

1 0000
2 0064
4 0128
a 0214

Step 9. Enter the four digit characters corresponding to the appropriate gain on the
TTY. After entering the four digits, depress the space bar.

Step 10. Enter the valu-i of input voltas and its polarity provided by the Analog
Voltage Calibrator, (This value must be a four digit number, therefore, a
value of zero is entered in as 0000, 1 as 0001, 2 as 0002, etc To
designate polarity, a plus sign must precede the four digit number for

positive voltages while a minus sign is used for negative voltages.) After
entering the sign value and the four digit number, depress the space bar

Step 11. A printout of the aeithmetic average of 100 samples for each channel will
be obtained. The end of a computer run is designated on the printout by
a tO.

Step 12. Results should be compared to Table 10 POP 8.* Analog Calibration
Decimal Readout.

Step 13. Repea" Steps 5 thru 12 for each unit voltage values beoewn '10 VOC

6,2?
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Step 14. After testing is complete, press HLT on the computer conrole.
Step 15. Place power switch on the Analog Voltage Calibrator Unit to OFF.
Step 16. Remove interconnecting cables between Analog Voltage 1alibrator Unit

and analog inputs to the POP 8SI.
Step 17. Reconnect the POP ./a analog cables to their appropriate BNC connector.

Step 18. Reload VDS program.

B. CALIBRATION

Tables 6 X and 6-XI give the actual measurements in decimal an., octal code of the A/D

calibration for each of the AID channels. Figure 611 depicts the functional relationship

for the signals,
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C. PROGRAM LISTING
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*200
START, CLA CLL

DCA POINJ
TLS
TAD BUFI
DCA BUFF?
JMS CnLF
,JMS TYPBUF

LOOPI, TAD BUIF2
DCA BJFPT
JMS TYPBTJF
TAD POIN
I AC
DCA POIN
TAD POIN
TAD K260
Jr-IS TYPE
TAD POIN
N OF
TAD MO CH
SZA CLA
JMP LOOP!
JrMS CiLF

CRLF, ITS
CLA CLL

TSF

J`15I TYPE

*250

TAD I TYJPE

S N A

ISZ BUFTJ~
1J1.1P .-5
*273
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Bur 1 313
BtJF2. 330
BUtF PT, 0
MOCH, 7770
K260, 260
K(215, 215
NEYT, -40
K212, P12

*310
307
301
311
316

326
31j
3.16

?33

313

tj*!S I F I~.-p
J'15 I Flyv
JM,'S I 5F F2

dJl3 I FIX

t~~SI FFP!,T

CLA CLL

7AD 1<2
WAi CMANJN

DCA L0C55
7AD K'18

LOO"", CA K<ON1ST
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DCA TEMP+2
TAD GAIN
TAD CHANN
ADSC
CLA CLL
~JMS AVEIIAG
JMS I FFGET
TEIIP
JMS I FOUT
CLA CLL
!SZ CHANN
ISZ XONJST

1JMP L00
0 2

IAC
DCA LOCS5
X~!S I FFGST

~J!S I FOUT
TSP'

1JMP M'EYT

TAD KCi' 1:
DCA C?'JT I
TAD) C-2
:)CA T':O
J45 I FF13:7

J'1 I FLOAT
Jh! S I F F~

1L0713, CLA CLI.
AD:7C
ADSF
di-1p 0-1

DCA >1OtT
J'l S I FFGET

dMS I FLOAT

dilS I F:)I11I1DZ

Jis I FFP'TU
TE*IP
CLA CLI.
IqZ CNTI
JlP LOOP3
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JMP I AVERAG
*510
ADSC-6535
ADRC-6536
ADSF,,6531
*520

FINP, 6200
FIX, 5500
FFPUT, 7322
FFGET, 7306
FOUT, 5606
FLOAT, 5533
FFADD, 7000
FDIVIDE, 6722
GAIN, 0

0

0
ZZCAL, 0N0

I
ZERO, 0

CHANN, 0
• 'm e 1 7770
TEM."' ,

C'JTI,K711,2, 763

'T IO, 3

KO: S T, 0

*55
LOC55, a

1
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V. EOUATIONS

A linear relationship of the VDS analog signals was established for each of the

tabulated measurements by a least square fit analysis. l hese derived functions are

used for the calculations of In.flight performance by the computer program and for

determining the necessary potentiometer adjustments (i.e., field elevation) required

by a flight scenario. The least square analysis provides the following information:

y-ax +b
where a: estimated slope

b. estimated offset
y: estimated dependent variable

x: independent variable

The independent variables for these measurements is the voltage reading and the

dependent measurements are meter readings from the instruments or potentiometer

settings.

The following equations were derived for each of the VDS analog signals:

1. Barometric Pressure
On Board Baro

- (.0690) V9aro + 30.0174

Instructor's Pot
- (34.1731) VBaro + 599.4306

r, .999

2. Field Elevation

Altimeter Reading

y " (.1343.9415) VAlt -1.3233
r.49M9,,

Instructor's Pot

V - (-311.6486) VAIt + 435.0885
r, - -.96677

3. Altitude

C, (.1343,/248) VAIt + 24.0151

r .,999M

4. Indicated Airspeed

y (15.4928) VIWa .64570
r, .99921
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5. Rate of Climb
Ascending

- (.290.0602) Vrc + 4.1553
r, - ..99973

Decending
(282,1554) Vrc + 8.8701
.-99965

6. Wind Velocity

Pot Turns
= (1.0357) VWvel - 0.0135
r 99994

7. A/D Calibration
Decimal Readout for channels 2. 3, 4, 5. 6, 7, and 8

y- (102.3714) Vin -0.1708
r a .99M

Decimal Readout for channels 1 and 10
y - (68.2134) Vin -0.2790
r .9999
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VI. CALIBRATION CHECK WITH THE COMPUTER PROGRAM

A calibration check of the VOS analog signals can be done by using the computer
program. This method is particularly useful for an 'ndividual with limited electronic

skills and can also be used to check the computer calculations of the analog signals.

A. ALTITUDE

Check of this VDS signal is performed under the following conditions:

a. GAT-1 power ON.
b. Servo Systems for Roll, Pitch, and Yaw SHUT DOWN.

c. Engine SHUT DOWN.
d. Parameter Switches on Supervisor's Console set to: LEVEL, VFR,

DG, AIRSPEED 115 mph.
e. All cables to the computer from the GAT 1 Output Connector

Panel at the back of the Supervisor's Console CONNECTED.

Step 1, Set the altimeter in the GAT for 0 feet, [The altimeter can be
manually controlled by the pushbutton switches on the outside
edge of the altitude card in the GAT. This card fits in slot

J19, the seventh card from the right on the top rack in the tail
section. The blue and green buttons, respectively, increases and

decreases the altimeter readings. To freeze an altimeter setting,
place the toggle switch above the pushbuttons in a downward
position. ]

Step 2. Set the attitude parameter switches on the supervisor's console to

VFR and 0/0 feet.

Step 3. Run the short version of the computer program. A modified

version of the parameter and scenario topes have been made
which shortens a computer-run to approximately one minute,

Instructions on how to operate the computer and load the
ppogram are provided in Appendix 0.

Step 4. Label the computer printout indicating the altimeter reading and the
altitude parameter setings. The bottom figure of the altitude para-

meter settings are the VFR altitude values.

Step 5. Check the altimeter in the GAT. If any drift has occurred, reset
altimeter to the correct reading.

Step 6. Change parameter switch on the supervisor's console to IFR. Run

the program again. Label computer printout. The top figures of
the altitude parameter setting are the IFR altitude values. For a

quick operational check of the GAT-1 system, skip this step and

do only step 7, 10, 13, and 14.

Step 7. Change the altimeter in the GAT tc 2000 feet and repeat steps

2, 3, 4, 5, anu 6.
Step 8. Set the altimeter param-ter switch to VFR and 2000'1000 feet

Repeat steps 3, 4, 5. and 6.



Step 9. Set the altimeter parameter switche to VFR and 3000/2500 feet.
Repeat steps 3, 4, 5, and 6.

Step 10. Chenge the altimeter in the GAT to 4000 feet and repeat steps
3, 4, 5, and 6.

Step 11. Set the altimeter parameter switches to VFR and 4000/3500 feet.
Repeat steps 3, 4, 5, and 6.

Step 12. Set the altimeter switches to VFR and 5000/4000 feet. Repeat
3, 4, 5, and 6.

Step 13. Change the altimeter in the GAT to 0 feet and place the toggle
switch in the upward position.

Step 14. Check the altitude calibrations. (Multiply the peak deviation in
the fifth column by the unit value described in Appendix E,
Data Output on TTY. The derived score should be equivalent to

the differenei between the altimeter reading and the altitude para-
meter setting (± 20 feet).] If any large discrepancies (greater then
± 20 feet) are noted, repeat the necessary steps to check for

possible drift in the altimeter setting. Should the error persist,
notify the proper personnel.

B. AIRSPEED

Check of this VDS signal is performed under the following conditions:

a. GAT-1 power on.

b. Servo Systems for Roll, Pitch, and Yaw SHUT DOWN.
C. Engine SHUT DOWN.
d. Parameter Switches on Supervisor's Console set to: LEVEL, VFR,

ALTITUDE 0/0, and DG.
e. All cables to the computer from the GAT-i Outputs Connector

Panel located at the ba•.k of the supervisor's console CONNECTED.

Step 1. Set the airspeed parameter twitch on the supervisor's console to
115 mph (100 knots),

Step 2. Change mechanical airspeed iidicator to read 69 mph (60 knots).
[The relative wind card has it switch which enables manual control of

the airspeed by a 10' turn potentiometer. For manual control the
switch must be placed in a dcwnward position, and the pot adjusted
(clockwise) until the airspeed ,idicator has the desired reading. Both
the switch and the potentiometer are located on the outside edge

of the card. This card fits ir slot J20, the sixth card from the
right on the top reck ir the tail section. [ Oo steps 6, 7, 8, and 9

for a quick operational check of the GAT--i system,]

Step 3. Run the short version of the computer program.

Step 4. Label the computer printout indicating the airspeed parameter switch
setting and the mechanical indicated airspeed in the GAT.
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Step 5. Change the mechanical airspeed indicator to read 96 mph (82 knots).
Repeat steps 3 and 4.

Step 6. Change the mechanical airspeed indicator to refd 115 mph (100 knots).
Repeat steps 3 and 4.

Step 7. Change the mechanical airspeed indicator to read 138 mph (120 knots),
Repeat steps 3 and 4.

Step 8. Reset mechanical airspeed indicator to 0 knots and place the toggle
switch in the upward position.

Step 9. Check the airspeed calibrations. IMultiply the peak deviation in the
fifth column by the unit value described in Appendix E, Data Output
on TTY, The derived score should be equivalent to the distance

between airspeed parameter setting and the mechanical airspeed
indicator 1- 3 knots).) The airspeed scores are in the units of
knots and all calculations should be based on this unit. If any
large discrepancies are noted igreater than * 3 knots), recheck the

measurement. Should the error persist, notify the proper personnel.

C. RATE OF CLIMB (ALTITUDE RATE OF CHANGE)

Check of this VDS signal is performed under the following conditions

a. GAT- 1 power ON.
b. Servo Systems for Roll, and Yaw SHUT DOWN,
c. Servo System for Pitch ENERGIZED,
d. Engine ON.
a. Parameter Switvhes on Supervisors Console set to VFR. ALTITUDE

0/0, AIRSPEED 95 mph, and DG.
f. All cables to the computr from the GAT-1 Outputs Connector

Panel at the back of the Supervisor' Console CONNECTED,

g. CAUTION Keep the ,1ttude of the GAT between 0 and 10 000 feet

Step 1. Set the altitude parameter switch on the supervisor's console to CLIMB

Step 2. In the GAT push in throttle and air mixture controls full, Release
parking brake ipush in the control) and let airspeed build up to at
least 80 mph

Step 3. Pull back on the Yoke for a climb of approximately 500 feet minute
as read by the Vertical Speed ladicatcr Shut down the pitch servo
system. There will be a drift in the indicator reading Use the
trim tab located on the lower right side of the cockpit to change

the pitch attitude so the desired reading (500 feet minute) can be
obtained.1

Step 4. Run the short version of the computer program
Step 5 Label the computef printout indicating the r,,adinq of the Vertical

Speed Indicator

Step 6. Change the Vertic,'i Speed Indicator to re'ad 600 feel minute climb

and repeat itepi 4 jind 5 Use the trim tsh to change the p*tch .T',ludO
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Step 7. Change the Vertical Speed Indicator to read 400 feit/minute climb
and repeat steps 4 and 5.

Step 8. Turn on the pitch servo system; change the pitch attitude until a
500 feet/minute descent is obtained on the Vertical Speed Indicator.
Turn off the pitch servo system, and use the trim tab to obtain the
desired reading. Repeat steps 3, 4. 5, 6. and 7 using a descending
pitch attitude.

Step 9. Bring the GAT-1 to ground level and put the trim tab to the
neutral position. Pull on the brake; turn off the engine and shut

down the pitch servo system.

Step 10. Check the rate of climb calibrations. (Multiply the peak deviation
in the fifth column by the unit value described in Appendix E,

Data Output on TTY. The derived score should be equivalent to
the difference between 500 feet/minute and the Vertical Speed
Indicator reading (:: 10 feet/minute).] If any large discrepancies are
noted (greater than t 10 feet/minute), recheck the measurements.
Should the error persist, notify the proper personnel.

D. HEADING

Check of this VDS signal is performed under the following conditions

a. GAT-1 power ON.
b. Servo Systems for Pitch and Roll SHUT DOWN.
C. Servo System for Yaw ENERGIZED,

d. Engine ON
a. Parameter Switch on Supervisor' Console set to: LEVEL, VFR,

ALTITUDE 00, and AIRSPEED 115 mph,
f. All cables to the computer from the GAT-1 Output Connector

Panel at toe back of the Supervisor's Console CONNECTED.

Step 1. Set the heading parameter switch to DG (Directional Gyrol and the
thumbwheel switch to 000.

Step 2. In the GAT, push in throttle and air mixture controls fully. Release
the parking brake (push in the control). This procedure enables the
airspeed to increase from zero which is necessary for rudder control
of the yaw motion system.

Step 3. Set the Directional Gyro Indicator to read North by uSihg the rudder
pedals and shut down the yaw servo system.

Step 4. Run the short version of the computer program.

Step 5. Label the computer printout indicating the Directional Gro reading
and the heading parameter settings.

Step 6. Set the Directional Gyro Indicator to read East.
Step "7. Repeat steps 4 and 5,
Step 8. Set the Directional Gyro Indicator to read South.
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Step 9. Repeat steps 4 and 5.

Step 10. Set the Directional Gyro Indicator to read West.

Step 11. Repeat steps 4 and 5.

Step 12. Pull out throttle , air mixture and brake controls. Shut down the
yvw servo system.

Step 13. Check the heading calibrations. [Multiply the peak deviation in
the fifth column by the unit value described in Appendix E,

Data Output on TTY. The derived score should be equivalent to
the difference between the Directional Gyro Indication and the thumb.
wheel switch heading with the following exception. If the d•,ierinm.e
between the Directional Gyro Indication and the thumbwheel switches
is over 1800, that value should be subtracted from 3600 before being
compared to the derived data output score. This step is necessary,

since the scores are deviation measures and the greatest heading
error that can occur is 1800.1

E. VOR DEVIATION

Check of this VDS signal is performed under the following conditions:

a. GAT-1 power ON.
b. Servo Systems for Pitch, Roll, and Yaw SHUT DOWN.
C. Engine SHUT DOWN.
d. MARK 12A Panel ON (upper knob on left half of panel).
e. Parameter Switches on Supervisor's Console set to LEVEL, VFR,

ALTITUDE 0'0. and AIRSPEED 115 mph.
f. All cables to the computer from the GAT-1 Output Connector

Panel at the back of the Supervisor's Console CONNECTED.

g9 CAUTION The magnetic heading may not be the same as true
North. Use the VOR radials of the X--Y plotter map when

slowing the aircraft.

Step 1. Set the heading parameter switch on the Supervisor's Console to

VOR (VHF Omnnidirectional Radio Range).

Step 2. Slew the GAT-1 due south (3 inchesl of a VOR station (1800
radial) using the slew switches on the X-Y plotter.

Sup 3 In the GAT set the OMNI bearing selector (outer dial) to 00

u:ing the knob at the base of the VOR instrument. The VOR
couro- indicator should read TO station and the course deviation

,ndicatrr needle should be in a vertical position with 1800 at

the top ..id 00 at the bottom.

Step 4. Run the short verison of the computer program

Step 5 Label the computer printout indicating the number of degrees
difference from the OMNI bearing selector reading when the

course deviation indicator is in a true vertical position

Step 6 Repeat steps 4 and 5 with OMNI bearing selector readings of
10. 20, 50 400. 3200, 3550. 3 5 8 0, and 3590 Use only one of

these readings for a quick operational check of the GAT -1 system

645



Step 7. Change the OMNI bearing selector to 1800. The VOR course
indicator ShOUld read FROM station and the course deviation indicator
needle should be in a vertical position with 00 at the top and 1800

at the bottom.

Step 8. Repeat steps 4 and 5 with the OMNI bearing selector readings of

1800, 1790. 1780, 1750, 1400, 2200. 1850, 1820 and 1810, Use
1800 and one other reading for a quick operational check of the

OAT-1 system.

Step 9. Check the VOR calibrations. [Multiply the peak deviation In the

fifth column by the unit value described in Appendix E, Data
Output on TTY. The derived score should be equivalent to the
difference of the OMNI bearing telector reading from 00 when the
course deviation needle reads TO. or the difference of the OMNI
bearing selector reading from 1800 when the course deviation
needle reads FROM.)
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JUNCTION BOX

DESCRIPTION

All digital I/Osignal distribution, processing, buffering, and switching ae
implemented in the Junction Box. The Junction Box, external to the
computer, is located on the lower back side of the Supervisor's console.
A meshed cover has been placed over the panel for protection and safety.

There are a total of 64 modules in the Junction Box which are divided
into two groups of 32 modules. Figure 7.1 shows the design layout of
the modules in the Junction Box. The modules consist of DEC M112
NOR Gates (10/card), DEC Mlll Inverters (16/card), DEC M050 Drivers
(12/card), DEC M040 Solenoid Drivers (2/card), Relay system constructed
by Transportation Systems Center using C.P. Clare and Company relays
(2/card), and DEC M953B External Bus Cable Connectors. Figure 7-2
illustrates how these systems have been functionally hardwired. Currently,
the only wiring configuration of concern are those for the slide control
channels and the cable connectors that emanate from or terminate at the
Junction Box.

I1. JUNCTION BOX BACKPLANE WIRING

The following pages contain all the wiring connections and pin assignments
of the modules that have been hardwired. All digital signals presently being
used are identified by name. For a more detailed description of the routing
for a particular signal see the section entitled Digital Signals (Section V).
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Will

mONE SHOT
DIET BUTTON IN GAT_______ ______

,C-3 CABLE CONN-FROM DC52-.J1 C4 CABLE CONN FROM DC54-JI

SDEC M 112 -NOR GATES (10)K DEC MI 12 NOR GATES (10)

~.DEC M1i2 NOR GATES (0? DEC M112 NOR GATES (10)

DEC M112 NOR GATES (0? DEC N4112 NOR GATES (10)

DEC MI12 -NOR GATES(01I? DEC M112 NOR GATES (10)

oDEC M112 NOR GATES1(10? DEC M1 12 NOR GATES (.10)

DECNIMil 106VERTERS0t6( E Mill %N/ERTERS (16?

DECP-Mlil INVERTERS0(16 DEC Ml111 INVERTERS 116)

F ! EC MIII INiVERTERS0(6? DEC MIII i.N,.ERTERS (16?

DEC .1¶1i lvEA~TERSI16) DECMI Mi *'.v ERTFRS (16)1

* DC '*i ',v~'ES 16)E ECYI Mill ' ERTERS (16i
- SL ADV&IS! S

JEC 11050, OPIVERS (12) DEC %.0050 DRO. ERS (12)

j~r "lrwto C.PIV.(.S 112) DEC MW6 DRIVERS 112)

)L :0 H1 'iEHR, 112) DEC %405G UPIVERS (12)

OE RI'.ERS fl2l DEC V5C DIVERS12

C I CA L~ '.0'4NTO DC50-J2 7 o6-CAaELE 7. FRO(M DC55 .1t
S va't S lop,con t & Dot Dot ER 0OS13,14 __ 7_______ ____CONN__FROM_ _DC56 ___JI

*C2-CABLE `'DNNJO DC5I~j2 CCALCONROD56J
DET SEC TOPS 1 12F

7"C14 CABLE CONN TO STOP CONS & PW~J zTSC RELAY MODULE (2)
S'd1cii4 L)E' Sectors 1 14StrumStAft Cant SL Any~ gr.i LAl

-Z C15C7AHLF CD(NN TO STOP CONS& PROJ TS', H4ELA, MODULE 121
FLI(,, - Pr.4A*AETERS & SLIDES SKC & SK 00

CS CAHBE %014N 70 DC55J2 DEC -.'046 SOLENOID DRI'EFRS 12)
F LIGH I PA1RAME TIERS SUSPEND SL A0V PGT & SL SK 00

-. C7 CAll. i 00N TO 0CS6 J2 EC P,104 SOLENOID DRIVERS 121
FLItI.IT PARAMETERS L SLAOV ILFT ASKF,

NOTE ' ,i~ m .ns.* instructor's confllae
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JUNCTION BOX BACKPLANE WIRING

SLOT 3

FROM

SLOT PIN TO SIGNAL

3 Al NC

A2 NC

Li 1 NC

B2 NC

Cl NC

C2 NC

01 NC

D2 NC

El NC

E2 SLOT 27, PIN JA DETECT BUTTON

Fl NC

F2 NC

H2 NC

S JI NC

J2 NC

K NCSK; NC

,L2 NC
_ 2 NC

NlM NC

N2 NC _

Ni NC _

P2 NC _

I R1 NC

S NC
SI NC ______________ _______

S2 NC

TI NC

Ul NC

U21 NC

V2 NCL t N ....
L .... .v ..N



JUNCTION BOX BACKPLANE WIRING
SLOT b.C3

FROM

SLOT PIN TO SIGNAL

A2 NC

81 SLOTS 6 10& 38 42 PIN Al
B2 jNC

- - I ci IGNO
C2 GNO

DI SLOTS6 10& 38 42 PIN HI

D2 SLOTS6 10& 38 42 PIN DI

El ,LOTS 5o1& 38 42 PIN PI

L E2 jSLOTS6 10& 38 42 PIN LI

Fl jOND

F2 tGNO

I HI SLOTS6 10& 38 42 PIN H2

H2 SLOTSS6 10 & 38 42 PIN 02

J I SLOTS6 10& 36 42 PIN P2

J2 GND

KI ;GND

K2 SLOTS 6 10& 30 42 PIN L2

L I NC

I L2 GNO

MI NC

M2 SLOTS 6 0l AJ 42 PIN T2

* NI (NO

N2 GNO

PI NC
P2 NC

H1 GNO

R2 (;No

SI NC

S2 NC

I I GNn

* T2 NC

Lto NC

I12 (NO

, VI NC

V2 NC
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JUNCTION BOX BACKPLANE WIRING

SLOT 6:Ml12

.. -ili 1 A2 5 VOC

S01 SLOT 37, PIN B1

, 82 NC

CI SLOT 12, PiN C1

C2 GN_

D0 SLOT 5, PIN 02

D2 SLOTS, PON H2

t E El SLOT 37. PIN B1

E2., SLOT 3,2 PIN, 91

F2 SLOT 12, PIN JA I

_HI SLOT S, PIN Di _. _

- H'2 .iSLOT 5, PIN Hi

Ai SLOT 37. PIN Si

J2 I SLOT 37, PIN Si

: K I , SLOT 12. PIN |E2

K2 SLOT 12, PIN K2 __

Li SLOT 5, PIN E2

L2 SLOT 5. PIN K2

Mi SLOT 37 PIN S1
--- -i- ---.. . ... .. . . ... . .. ... . ...

M2 SLOT 37 PIN 81

Ni SLOT 12 PON FI

-. .. N2 SLOT 1i, PON ..

P1 SLOTS. PIN El

72 SLOT S. PIN J1

Ri SLOT 37. PIN 81

R2 SLOT 37 PON 81

S , SLOT 12. PIN H2

S2 SLUT 12, PIN M2

Ti GNO

T2 SLOT 5, PIN M2

U I

U2 SLOT 37, PIN 81
VI

V2 SLOT 12, PIN N1

7-6



JUNCTION BOX BACKPLANE WIRING
SLOT 7: Ml12

FROM--

TO_

- All SLOTS5. PIN2 ..

-- IiI iL7I~i7i i7§1 SLOT 37, PIN D2

I0 SLOT 13, PIN Cl

11 DI SLOT 5, PIN 02 -

02 SLOTS5, PIN H2

El SLOT 37, PIN D2_ __

! EF2 SLOT 37, PIN 02 _

flV7FH SLOT 13. PIN 01

F2 SLOT" 13, PIN .Jl
Hi SLOT 5, PIN DY

H2 'SLOT 5, PIN02

K1 I SLOT 37, PIN 02

J2 LSLOT 37, PIN 02

LI I SLOT 13, PIN E2 7

K L2 SLOT 13, PIN K2 __;

;_LiM SLOT S. PIN E2 ....__ _

ML2 SLOT 5, PIN K2 ..... ... ..

MN jSLOT 37, PIN 02 I

___.R1M2 SLOT 37, PIN D2
NI SLOT 13, PIN FD

N2J SLOT 13, PIN LI

P1 jSLOT 5, PIN EM

P2 SLOT 5, PINJ
SLOT 37, PIN D2

R2 SLOT 37, PIN D2
I Si .SLOT13,PINH2

VS2 SLOT 13, PIN M2
STI iGND

"T2 S-7 5 I

U I

U2 SLOT 37. PIN D2

- Vi

_V-2 SLOT 13, PIN N I
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JUNCTION BOX BACKPLANE WIRING

SLOT 8:M112

SLOT PIN ro SIGNAL~
_.. _ . . 1 - . .s. o- -- - -.-.I- - --,

Al JSLOT 5, PIN'~ --- --

A2 5 VOC

IB SLOT 37, PIN 01 j
-- - NC I . ... ......

Cl SLOT 14. PIN ClI

C2 IGNO ..------- -- - -_

D1 SLOT 5, PiN D2

D2 SLOT. PIN H2

El I SLOT 37, PIN Dl

S tE2I SLOT 37, PIN D1

SF12 SLOT 14, PiN Al

2F SLOT 14. PIN JI

H1 iSLOT 37. PIN D1

J2 SLOT 37.PIN 01.-

KI , SLOT 14 PIN E2

K2 SLOT 14. PIN K21

LI SLOT 57 PIN E2

L2 SLOT 5% PIN K2

ml SLUT 37 PIN DI

M2 SLOT 37, PIN 01

N1 SLOT 14 PIN FlI

N L2 SLOTI4. PINLI

P1 SLOTS5 PINE EI

P2 SLOTS PIN JI

R l SLOT 37 PIN D1

142 SLOT 37 PIN DI

SN SLOT 14 PIN 12

S2 SLOT 14. PIN M2

T I ND

T2 SLOT 57 PIN M2

02 SLOT 37 PIN 01

VI

V2 SLOT 14. PiN NI



JUNCTION BOX BACKPLANE WIRING
SLOT 9:M112

O PI7N -TO L SIGNAL
9 A I SLOT S, PIN 81

A2 SLOT , NHI-O

al SLOT 37, PIN E2 -

8, [ 2 SNTC 7 , E
; F1 SLOT 15, PIN 01

D2 SLOT 5, PIN H12

lI SLOT 37, PIN E2

E2 SLOT 37, PIN E2

Fl SLOT 15, PIN DI .2
F 2 SLOT 15,PIN J1

Hi SLOT 5, PIN D1

H2 SLOT 5, PIN Hl _

,I J SLOT 37, PIN E2

J2 SLOT 37, PIN E2

,K I' SLOT 15, PIN E2 - -

K2 SLOTS PINK K2...... ....

Li ~SLOT 5. PIN E2

L2 SLOT 5. PIN K2

SM1 i SLOT 37. PIN E2

M2 SLOT 37, PINE2

N, iSLOT15, PIN F, I

N2 SLOT 16, PIN Li
L2 I .... - .o, 1711..............i-jj.....I .......

Pi SLOT5, PIN E I

P2 SLOT5. PIN JI

RIi - 'SLOT37, PIN E2

R2 SLOT 37. PIN E2

Sl- SLOT 15, PIN H2 - -

S2 SLOT 15, PIN M2

Ti 1 GNO

T2 SLOT 5. PIN M2

U'

U2 SLOT 37 PIN E2

SV2 SLOT 15, PIN N1 _



JUNCTION BOX BACKPLANE WIRING

SLOT 1O:Mii2

FROM -~-

10 Al SLOT35, PINi B _ _____

52 NCO_ __ _

- ~Ci SLOT 16, PIN Cl - -- ________

I C22 OND__ _ __ _ _ __ _ _ _

DI SLOT 5, PIN D2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _

D2 ISLOT 5, PIN H2

i El SLOT _______________ 37,_______ PIN___El

E2 SO 37,PIN El_ _ __ _ ___ __ _

F l SLOT 16, PIN Dl _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

F2 SLOT 16,PIN A

H lI SLOT 5, PIN Dl ___________ ________

HA SLOT 57, PIN Ei I-_ _ _ _ _ __ _ _ _ _

J2 SLOT 37, PIN El

Ki SLOT 16,PIN E2

K(2 SLOT 16. PIN K2 _______ _________

Li I SLOT 5, PIN E2

L2 SLOT 5, PIN K(2 __

Mi SLOT 37, PIN ElI

*M2 ISLOT 37. PINE I

NI ;SLOTl16, PIN Fl_____

r%.2 SLOT 16, PIN Li ____

P1 ISLOT5, PIN El

P2 SLOT 5,PINJA

Ri SLOT 37 PIN El

R2 SLOT 37, PIN ElI

Si SLOT 16, PIN H2

S2 SLOTl16,PIN M2

TI GND

T2 SLOT 5,PIN M2

ui

U2 SLOT 37 PIN F I

V2 SLOT 16, PIN Ni
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JUNCTION BOX BACKPLANE WIRING
SLOT 12:M11

FROM

JTO SIGNAL__ _ 7
12 Az l NCd~__ - _

A_2 5 os

SNC ........... f...... I
G~Ifi!32 -NC _ _

; jJI1cl ISLOT6, PINC1 I_ _

I_ I C2 IGND _

SDl SLOT6, PIN Fl

D< D2 lSLOT18, PIN D2

E1 SLOT 18, PIN E2 _I !sE2 SLOTOPINKi .... _ _

F i 1 SLOT e, PINNI

l IF2 2SLOT 18, PIN F2__ _,

i 1H1 SLOT 18, PIN H2

!, 4H2 SLOT 6, PIN Si __

- J.1 SLOT 6, PIN F2 _

J2 SLOT 18. PIN J2

Ki SLOT 18, PIN K2 _

K2 ISLOT 6, PIN K2
LI tSLOT S, PIN N2

L2 !SLOT 1I PINL2 -

Ml ISLOT 18, PIN M.2

M2 SLOT 6, PIN S2

Ni SLOT 6, PIN V2

N2 SLOT 18. PIN N2 _

P1 SLOT 18, PIN P2

P2 NC

I RI NC

R2 NC

_l NC

S2 NC

E , Ti GND

Ti NC

TUl NC

I ' U2 NC

-vi INC
) V2 NC
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JUNCTION BOX BACKPLANE WIRING

SLOT 13:Mlll

FROM

SLOT PIN TO SIGNAL

113 All NC

BL __ _ _ -2 NC. __ _ __v_ __ __ _ _ __ _ _ _

B12 NC

Cl SLOT 7. PIN Cl

C2 GND

0. 1 SLOT 7, PIN F I

D 02 =SLOT 19, PIN V2

"El ISLOT 19, PIN E2

T- 1 I SLOT7, PINK I,_ _ _

Fl SLOT 7,. PIN N1 1 _

__,_F2 SLOT 19, PIN F2 ___

HI SLOT 19, PIN H2

H?2 SLOT 7, PIN Sl __

Ji SLOT 7, PIN F2

J2 SLOT 19, PIN J2 _

K1 SLOT 19 PIN K2

K2 SLOT 7, PINK2 _K2

Li SLOT 7, PIN N2

L2 SLOT 19, PIN L2

MI SLOT 19, PIN M2 _

M2 i SLOT 7, PIN S2 _

Ni I SLOT 7, PINV2

_____N2 ISLOT 19, PIN N2

P1 SLOT 19, PIN P2 ______ _____ ___

R2 NC __ ___

Si NC__P2 NC

RI N

R2-1,- NC

U? NC
S2 NC

, T 1 GND

ST2 NC

SUI NC

""U2 NC

" Vi NC

V2 NC

7-12Li _



JUNCTION BOX BACKPLANE WIRING

SLOT 14:MlIl

-FRO TO S -- _

L PD SLON.PINF1 -,_

D2 PIN D2 . -.. .. ... ..

4 J El SLOT 20, PIN E2
2 . SLOTS, PIN K I

D2 F SLOT 3,PIN ND _____

Fl SLOT220, PINFE2___
Ei2 gSLOT 20, PIN K I

Fl SLOTS8, PIN N11______

F2 jI SLOT 20 PIN F2

I I J1 SLOT 8, PIN F2

J2 SLOT 20. PIN J2

I KI fSLOT 20, PIN K2

K2 PSLNT 8, PIN K2

Ll SLOTS8, PIN N2

L2 SLOT 20, PIN L2

IMl SLOT 20. PIN M2

M2 tSLOT 8. PIN S2

N1 'SLOT 8. PIN V2 _

N2 I SLOT 20. PIN N2

I P1 JSLOT 20, PIN P2

P2 INC
RI NC

R2 'NC

!l INC

S2 NC

T1 GND

I T2 NC

Ul NC

--U2 NC

U? NC
* VI NC

713



JUNCTION BOX BACKPLANE WIRING

SLOT 15:MI 11

FROM J
L SLOT PIN TO SIGNAL

- A2 J5VDC -_

Bi, A jNC ......... ... 1
S I 82~ NC

C, I SLOT 9, PIN Cl

_ C2 GND

, fT oD SLOTO, PIN Fi

02 SLOT 21, PIN 02 1
E__ El1 SLOT21'PIN E2

I i eE2 SLOT 9, PIN K I

iFt ISLOT 9, PIN NI I
_ F2 jSLOT2PN2 21" PN F

Hi SLOT 21, PIN H2 --_ 1

H2 SLOT 9, PIN Sl

i1 I SLOT 9, PIN F2

J2 SLOT 21, PIN J2

1K1 I SLOT 21, PIN K2

K2 SLOT 9, PIN K2
LI SLOT 9, PIN N2

"I L2 ISLOT 21, PIN L2

M1 SLOT 21, PIN M2

. M2 SLOT 9. PIN S2

-N- I SLOT 9_ PIN 2

N2 SLOT 21, PIN N2

Pl SLOT 21, PIN P2 _ __

P2 NC

I RI 1 NC

R2 NC

, L S NC

S2 NC

T1 GND

' T2 NC

-- Ul NC

U2 NC

I I Vi NC

V2 iNC

714



JUNCTION BOX BACKPLANE WIRING

SLOT 16:Mlll

FROM _ _

All4-_

N5 VDC___

52 NC
C1 SLOT 10, PIN C1

C2 GND

D1 SLOT 10, PIN Fl

SD2 SLOT 22, PIN D2 "_

SI El SLOT 22,PgN12 _ L2

I E2 ISLOT 10, -PIN K I_ _ _ _ __ _ _ _

I Fl F SLOT 10, PIN Ni _

I F2 1SLOT 22. PIN F2 J
-- -]-- 141 ISLOT 22, PIN.2 2

- H2 SLOT 10, PIN S1

'IJ1 SLOT 10, PIN F2

J2 ISLOT 22, PIN J2

VKi ISLOT 22. PIN K2

* K2 SLOT 10, PIN K2 _ _

Li SLOT 10, PIN N2

L2 SLOT22. PIN L2 ___

,l ! SLOT 2PN2 PN M

M2 SLOT 10, PIN S2

N1 SLOT 10, PIN N2 _

N2 ISLOT 22, PIN N2

P1 SLOT 22. PIN P2

P2 NC . .. .

IR ! NC

R2 INC
-, _ s i d ,- . .. .. . . . . . . . . . i

S2 NC ... . .

T2 'NC

"Ul 'NC

I U2 NC

i ; vi :NC
t V2 NC
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JUNCTION BOX BACKPLANE WIRING
SLOT 18:MO50

-• FROM -713

S__ L 1_ TO _ -. SIGNAL

I18 Al NC

I B1 NC

6 2 1-5 VDC _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C I NC_

_ I C2 GND

D2 SLOT 12, PIN D2

"E I
E2 iSLOT12, PIN E IF I
F2 SLOT 12, PIN F2 _

Hi.

1H2 SLOT 12. PINH1 .Hl_ _

J2 SLOT 12, PIN J2 _

Ki K_ _|._

K2 SLOT 12, PIN Ki

LI SLOT 24. PIN Al"--

L2 SLOT 12. PIN L2 _

Mli SLOT 24,.PINB 1

V12 ISLOTl12, PIN M1 _______ _______

Ni fS'-0T 24, PIN CI ___-______

N2 SLOT 12. PIN N2

,i SLOT24,.PiNOD_

P2 SLOT 12. PIN PI

R I NC

TR2? NC

, s NC - _;

S2 NC

ST1 GND

! , T2 'NC -I

S: U1 NC

I U2 NCi

vi INC C

V2 INC

7.16 - .



JUNCTION BOX BACKPLANE WIRING
SLOT 19:MObO

F.ROM 1

LSLOT ] PIN TO SINA,

119 A Al NCji . .. . . -. . . . .

'I 81 N C. .. . . .. .. .
62 K5 VDC

F .. . I . . . . O ;" . .. ... . . . .. . .. . .

B ci sNCL I

DC2 SLT1.PNDD I SLOT 24, PIN D2

D~2 SLOT 13, PIN D2ENFl SLOT 24, PINE E

E? SLOT 13, PIN E I

I Fl SLOT 24 PIN E2

F2 SLOT 13, PIN F2

' i SLOT 24, PIN F 1
H ;2 SLOT 13 PIN H"

iJ SLOT 21 PIN F2

-J2 SLOT 13 PIN J2

iK I SLOT 24 PIN H,

K2 SLOT 13 PIN KL

i . ... , - L I .SLO T 24 _PI.N H 2 . . . .. . . . . . . . . . . . .. . .

L2 SLOT 13 PIN L2 -

i I1 Sw.LT 20' PIN J1

!i i • . .. . .. .. . . . . .. . . . . . . .. . . . . . . . ...'M 2 S L O T 13 P IN M 1,

NI SlOT 24 PIN J2

N2 SLOT 13. PIN N2

Pi - SLOT 24. PINK I

P2 SLOT 13, PIN PI

S141 NC

R2 NC

Si NC

S2 14C

TI GND

T2 NC

Wl NC

UV2 NC

VI NC

V 2 N C

/ 17



JUNCTION BOX BACKPLANE WIRING
SLOT 20 MObO

[ .... FROM__.

SLOT i PIN TO SIGNAL

_ 20 Al NC

A2 5VDC
_ 1 NC

Bi IN
B2 15 VDC

ICl INC -

C2 GND

Dl SLOT 24. PIN K2
D2 SLOT 14. PIN 02

El SLOT Z4, PIN Li

E___ E2 jSLOT 14, PINE1 E -I

F 1 SLOT 24, PIN L2

F2 SLOT 14. PIN F2

HI SLOT 24, PIN M1

H2 SLOT 14, "IN H1

Jil SLOT 24, PIN M2

J2 SLOT 14, PIN J2

KI J SLOT 24, PIN M2 .N-

K2 ISLOT 14. PIN K I

L 1 SLOT 24, PIN N2

1.2 SLOT 14 PIN LI

ML SLOT 24, PIN PI

M?2 SLOT 14 PIN L .. "

Ni SLOT 24, PIN P2

N2 I SLOT 14, PIN N2

P1 SLOT 24, PIN RI
P2 SLOT 14, PiN PI

RI INC

R2 NC

, Si NC

T2 'NC - .

Ti ('GNO

S , T2 NC

Ul NC

1U2 NC

Vi NC

V2 NC

118



JUNCTION BOX BACKPLANE WIRING

SLOT 21 O•MO

F FROMT

SLOT PIN SIGNAL ._

21~ Al W,1
A2 5 ---1

I u -

02 -IVb vCI C I j l~ioc

IC2 j01N0_

iD. SLOT, 2.PIN A2

4SLOT 15. PIN 92

SLOT 24. PIN SI

+-E2 SLOTl iS E I 0 . -.-

Fl 1SLOT 24, PiN S2

F I 1 2 _SLOT 15. PIN F2
I I ]I•SLOT24, PINT2 _ -

2H2 ýSLOT 1i. PIN HI

! ii J1 SLOT24.PINUI

J2 SLOT 15. PIN J2

KI SLOT 24, PIN U2

K2 SLOT15.PIN KI,

L L SL S OT 24. PON V I

L2 -SLOT 15. PIN L2

S I - SLOT24.P INV

M2 SLOT 15. PIN Ml

Si. SLOT 25. PIN Al
I I 2 'SLOT 15. PIN N2 iliIL H

H J P1 ISLOT 2S, PIN 91

P2 SLOT 1b. PIN P1

__ 1NC

Si iCA2 NC

R S 1 
NC

,~ ~ V __!.. _u NC

S" I V2 NC
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JUNCTION BOX BACKPLANE WIRING

SLOT 22:M050

IFROM

SLOT PIN TO .... SIGNAL

22 AlI NC

' Al -b' VOC

0l NC

82 IS V(C

Cl %Nc -- - -

C2 GND

01 SLOT 2 PIN I

02 SLOT 16 PIN D2

, El SLOT n PiND Di

E2 SLOT 16 PIN E I

F I SLOT 02 PIN 02

F2 'SLOT 16 PIN F 2

"I1 SLOT 26 PIN El

42 SLOT 16 PIN HI

ji €SLOT 2S PIN t2

j2 SLýOT 16 PIN J2

Ki SLOT 2S PIN : I

K2 SLOT 16 PIN K I

LI 'SLOT 25 PI% F2

L2 SLOT 16 PIN L2

MI SLOT 25 PIN "4I

%42 SLOT 16 PIN •Al

%I ',LOT 26 PIN-42I

%2 %LOT 16 PIN N2

P1 SLOT 2S PIN Jl1

V'2 SLOT 16 PIN P1

Rl NC

.2 NC

TI ,.ND

'2 %C

Ul NC

UJ NC

VI NC

V2 NC

7 20



JUNCTION BOX BACKPLANE WIRING
SLOT 24

FROM

kq L PIN TO SIGNAL _. .

24 Al 1 SLOT18 PIN~~ L - -- I- - 1- - ~- -

S !-- SLOT 1__8, PIN Ml

LI 682 ~NCV7I Z ]
__• C2 GND

I _ D SLOT 18, PIN PI ......-

D2 SLOT 19, PIN Dl __ ____

IE SLOT 19 PIN el

, )E2 SLOT 19. PIN F 1

* i I ,;F I SLOT 19, PIN HI,.,_

F2 SLOT 19, PIN J1

t . SLOT 19, PIN K1

' H2 SLOT 19, PIN Li

, .. . . . J .. . SLOT 19, PIN M l . . . . . . . ..

J2 SLOT 19, PIN N1

K1 SLOT 19, PIN P1 ___

K 2 SLOT 20, PIN 01 -__..... ... ......

LI SLOT 20, PIN E1 ....

L2 -L2 SLOT 20, PIN F I

Ml 7 SLOT 20, PIN Hi _

I SLOT 2o, PIN K I

,N SLO T20, PIN L I

PI N I SLOT 20, PIN M_

P2 SLOT 20. PIN N I

~Ij RI! SLOT 20, PIN PI

R2 SLOT 21, PIN Di _

L I i _SLOT 21 PINE I

S2 SLOT 21, PIN F I
1 i I T1 GND

* - T2 SLOT 21, PIN Hi

Ul SLOT 21, PIN Ji

U2 SLOT 21 PIN K1

- VI g SLOT 21, PIN L.

S V2 SLOT 21. PIN M1
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JUNCTION BOX BACKPLANE WIRING

SLOT 26
F -FROM ! "" . .. .

PSLO O I TO SIGNAL

S.. . . 81 _tSLOT 21. PIN P1 . .. . . . . ... . .
B2-_

I' cl SLOT 22 .PIN 01
AZ N

I_ -oi -,LO 22, 2IE1
02 jSLOT 2¶.PIN¶ F-1

2 _ . . . . . . . . .--

02 SLOT 22, PIN FI. . . . . . . . . . . .. . .. . . . . .
K C I E SLOT 22.PIN K. I

"F2 _ SLOT 22, PIN L I

02 ISLOT22. PIN, I

SLO 227INP

'1 -• , KJ2 SLOT 50, PIN DI
I E IK ISLO T5 ,,PIN Fl E . .

~K2 SLOT 50.lPIN F- I

LJ SLOT20PINK H

-4SLOT 22. PIN LI----------

MI S9! LOT5,PINM K I

H2 SLOT 0. PIN NI

Ni SLOT 50, PIN K_
N2 Z SLOT 50, PIN N I -

Ki SLOT 50. PIN El.
P2 S LOT 51,PN~ -- - ---O- -

RI SLOT bl0 PIN E I

R2 SLOT 50. PIN JI

SOM SLOT 51,PINKI M -

S ' M2 SLOT51,PINiL NI SLOT 5,, PIN K II P2N SLOT5O1,PIN Ol 1
R1 SLOT 51. PIN L1

R2 I SLOT 51. PIN Eil

SLOT 51. PIN N1

2I SLOT 51. PIN PI
: -i --- - j22

7 22



JUNCTION BOX BACKPLANE WIRING
SLOT 27 C1

FROM .

-LO PIN TO _ SIGNAL1GND

A27

II SLOT 29 PINAI . S

i12 N-Nc

V ~ C G CjND

DI SLOT 2 CONT

D2 cSLOT 20 PIN C I STOP

I 1 __.0A__ L _DEE_ UTO

, jE2 NCIF I X GNO
NI NC ST

II CI6OCOAX CABLE OETECT BUTTON

J J2 IGNO - ,

K' I ND

K2 .NC
LI SLOT 29,PIN 0i _L MITM AECTO 1V

L2 N

, M2 SLOT 29. PINJ 02 DETECT ERROR

Ni OND
__r b I ...... .It ; N2 IGNO

P NC

P2 !SLOT 2. PINE DETECT SECTOR 14 - .
S RI 'GNO

R2 ' GNO

' , , S 2 I N C

TI IGND

I T2 NC

Ui NC

- - U2 GND

Vi NC

_V2 NC
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JUNCTION BOX BACKPLANE WIRING

SLOT 28:C2

FROM ..

S.L.OT PiN .T: -:-- SIGNAL

I2 Al GOND _

A2 NCH

I t Z _ILOT lIPIN 1 IDETECT SECTOR I

Di SLOT2. PIN F2 DETNCT SECTOR 3
02 ISLOT2n.PINF H I~ DElTETSECTOR 2

EI SLOT 29, PINH2 DETECT SECTOR 2

FI ONO

GNIL11 El iSLOT 9.PINJ2 DETECTSECTOR 7
H2 ISLOTn, PIN K I DETECT SECTOR a

JI SLOT 29. PIN K2 DETECT SECTOR 9

J2 IGONO _

t. J.K2 OND _

K, 2 SLOT 29, PIN L2 DfTECT SECTOR-

SLOT23. PIN Ml DETECT SECTOR 11

hi _- 1-im l INC _LOT_ _ __._ _N

______ M2 SNLOT 29. PIN M2t DETECT SECTOR 10

I NZGND O_ ___

Pi %

I P2 t SLOT 29, PIN NI DETECT SECTOR 12

RI GNO

R--t2 aNOND__ _

,i IONC

iSI I u NC
I u~ INC - -

, I i U2 'GND

vi_ NC__

* • ', V2 INC
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JUNCTION BOX BACKPLANE WIRING

SLOT 29:C14

29IAl SLOT 27, PIN 81 ____ __START

8I 9, SLOT 27. PIN DI iCONTINUE

B2 ?NC _

CC ,SLOT"27, PIN D2 STOPT C2 ONO

D:I SLOT 27. PIN L, DETECT SECTOR 13

D2 SLOT 27, PIN M2 DETECT ERROR

t.... E I ,SLOT 27 PIN P2 DETECT S&FCTOR 14

I I E2 SLOT 28, PIN 01 DETECT SECTOR I

Fl ONO

F2 SLOT 28, PIN DO DETECT SECTOR 3

HIl SLOT 20, PIN D2 _____.TECT SECTOR 2

1H2 SLOT 29, PIN EI _DETECT SECTOR 5

J I SLOT 28, PIN E2 DETECT SECTOR 4

I J2 ISLU- 29, PIN Hl DETECT SECTOR 7

K1 I SLOT 29, PIN H2 -DETECT SECTOR t__

K2 ISLOT 28, PIN J1 DETECT SECTOR 9
, Ll G NO

L2 SLOT 26. PIN K2 DETECT SECTOR 8

MlI SLOT 28. PIN LI DETECT SECTOR II

M2 SLOT 23. PIN L2 DETECT SECTOR 10

Ni SLOT 26, PIN P2 'DETECT SECTOR 12

I N2 _

I .~L2L OND--_ _

P2

i2 GND

S2 -

', T1 ' GNO

- T2
Ul

U2

Kvi
V2 7ND
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JUNCTION BOX BACKPIANE WIRING

SLOT 30;C16

F ROM

-SLOT PIN TO SIGNAL

30 _A SLOT 31. PIN B1 _ AIRSPEED 1 195MPHI__2
A2 NC

__ SLOT 31. PIN Dlo I 2
'ciT ........ND A,_,,,_ , - _J

____ SLOT 31, PIN El

I SLOT 31. PIN El AIRSPEED 2 (15 MPH)

_._02 SLOT 31. PIN E2 _I

I E SLOT 31. PIN Hl ALTITUDE 1 10/0) _

E2 SLOT 31, PIN H2I Fl fOND t__ __

J -T F I- -GNO___

F2 SLOT 31. PIN Ji __ ______ ALTITUDE 3 (2500/30001

lH I SLOT 31. PIN K2 ALTITUDE 2 (1000/2000)

J,2 SLOT 31. PIN -l ALTITUDE 4 ,45001,0001

1 H SLOT 31. PIN M2 ALTITUDE 4 3540001400

J2 SLOT 31. PIN P2 IFRiVFR

SI K� SLOT 32,N. SI - __1o DGTVOR

K2 SLOT 32. PIN D1 B ,CD UNITS. 21

l I ND__

L2 SLOT 32. PIN D2 _____ BCD UNITS, 20 _

S ,Ml SLOT 32.PIN E I BCD UNITS, 23

M2 SLOT 32. PONE2 TC UNITS. 22
I- SLOT 32. PIN Hl BCD TENS. 21IN2 SLOT 32. PiN H2 BCD TENS. 20

P1 SLOT 112, PIN M2 SK OD

P2 SLOT 32. PIN Ji _ _ TENS. 23_ _

RI SLOT 32. PIN K2 J lCD TENS. 22

FI 2 SLOT 32. PIN Li BCD 100's. 21

S1 SLOT 32, PIN M2 B1CD 100't, 20

LS S2 SLOT 32. PON P2 LEVEL'CLIMB

TI G NO

T2 SLOT61 6(021 COMMON (ALL REL)

Ul jSLOT 61. PINE2? SL ADV LFT

U2 }SLOT 61, PINE2 SK EV

V, SLOT 61. PIN M2 SL AOV RGT
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JUNCTION BOX BACKPLANE WIRING

SLOT 31 C5

FROM I . _

- --1I -- - _ _ _
. OT PIN*I TOI _ SIL__

31 All lND
i- -_i_ .; .,I . -- . 7 - . . .; - - .~ -... .. ... . .. . . ......

aI l SLOT 30. PIN Al AIRSPEED I (9bMPH)

82 I----• - CI - -iG-N-D. . . .. .

C2 C GND

D1 iSLOT 30, PIN B1

D2 SLOT 30, PIN Cl SUSPEND

I El SLOT 30, PIN D1 .. .AIRSPEED 2 1 15-MPHI

E2 SLOT 30,./N PD_.. ___2.

Y 7F I GND

r F2 GNO - -- I

H N. 1  SLOT 30.,PINEI .... -TT DE I. .

,H SLOT 30, PIN E2 -

_ I J1 ' SLOT 3D, PIN F2 'ALTITUDE 3

J2 'GND

Ki N

K2 SLOT 30, PIN H I - ALTITUDE 2

Li SLOT 30, PIN H2 IALTITUDE 5

L2 GND

MI NC

M2 SLOT 30. INJI ;ALTITUDE 4

N1 jGNO

N2 GND

Pi INC

P2 SLOT 30, PIN J2

I RI GND

R2 'GND

Si 1 NC

S2 NC

T1 GND

T2 NC

UI NC

U2 GND

V ' NC

V2 NC

7 27



JUNCTION BOX BACKPLANE WIRING

SLOT 32.C7S F ROM 4 ..... -..... . .... .
LSLOT _ PN TO SIGNAL

32 Al O .ND . . . . .

0B1 SLOT 30 PIN KI JOG/VOR

182 _NC

C2 GNO

DI SLOT 30. PIN K2 B~ CD UNITq. 2'

02 SLOT 30. PIN L2 BCD UNITS, 2-

El -- SLOT 30, PIN Ml B____ CD UNITS. 2

E2 ISLOT•O, PIN M2 . .. BCD UNITS 22

_I F_ GND _--_

F2 ~GND ____ ___
! • i J _ _o __

H1 SLOT 30-PIN N_ _ BC TENS-

I_, H2 J SLOT 30, PIN N2 _BTL~L4_ .

JI _ISLOT 30,P•INP2 BC TENS 2 3  
- -

J2 iGNO

K I- 1 GND

K2 ISLOT10PiNRI 3C0 TENS,P 2

;_LI t SLOT 30. PIN R2 BCD 100 2'

Sl L2 ,GNDO
Mi NC

M2 SLOT 30., PIN Si BCD 100's. 2"

Ni GND

N2 GND _

_____ l- NC

P2 SLOT 30, PIN S2 __LEVELCLIM

'R2 GND

T I GNO

Si U NC

T i2 GNO
* V

_ .NC

V2 NC
. .. NC
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JUNCTION BOX BACKPLANE WIRING

SLOT 37:C4

L SiF_._J , TO SIGNAL -

I37 Al IGND -

1 SLOTS PINS 61, El. 1J. Mi. RI. E2. J2. M2. R2. U2 I

. _ 2 INC__
CI GND [t~~~1~~~~---- ... . -...........---

--- C2 GND__-

Dl 0 SLOTS PINS B1. El, .J1. Mi, Rl, E2. J2, M2, R2. U2 I

I D2 SLOT 7 PINS 81, El. J1. Mi, RI, E2. J2, M2. R2. U2

; I El SLOT 10 PINS$ 1 El J1, M__ lR1E2, J2. M2,R2 U2

E2 SLOT 9 . PIN$S lI 1, jI,.MM R 1 E2. J2. M2 R2.U2 U2F I , GND,
I F2 GND -

_ ,_H1 SLOT 39 PINSB_,_El,_J M1i RI.E2J2.M2,R2_U2_i

H2 SLOT 33 PIN BI.1 MJ, R 1E2J2,M2AR2- U2 '

.l J SLOT 41 PINS 21 _U2

J2 GND _

I KI GNO

K2 ISLOT40 PINSBO. E1,JA.,Mi, Rl EJ 2,M? R2 .U2.

L I NC

I L2 GNO ___

Mi NC _ _ _

_ M2 SLOT42 PINSB1. El.J, Mi. Rl E2. J2. M2 R2. U2

N I GND

Ni GND

P1 INC

P2 NC

RI 'GND

____ R2 GND _

Sl INC

S2 !NC

* Ti IGNO

S-- T2 NC

Ul NC

U2 GNO

VI MC

V2 NC
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JUNCTION BOX BACKPLANE WIRING

S L O T 3 8 : M l1 2

-FRO-M
PSL O T P IN T O S IG N A L

,31 1 1 A l l S L O T 5 . P I N 8 1

A2 .5vDC -VD-
~ ~0 .. . . . ,SLOT 37, PIN M2

02 _NC

"Cl I SLOT 44 PIN C.

C2 GND

D I SLOT 5 .PIN D2

D22 ;SLOT 5, PIN H2

Ell SLOT 37, PIN H2E2 e SLOT 37, PIN a .. ......

Fl SLOT 44 PIN D 1

F2 SLOT44 PIN J_

Hi SLOT 5. PIN __
H2 SLOT 5, PIN Hl

A1 SLOT37 PINH2

J2 SLOT 37, PIN H2

K KI SLOT 44.PIN E2

K2 SLOT 44. PIN K2

Li SLOT 5, PIN E2

L2 SLOT 5, PIN K2M 1 •SLO T 37, PIN 1,42
M2 SLOT37 PINH2

Ni SLOT 44, PIN F I

N2 SLOT 44, PIN LI

7 P1 SLOT 5. PIN E I

P2 SLOT 5, PIN JI _

RI SLOT 37 PIN H2

R2 SLOT 37. PIN H2 -

Si $SLOT 44 PIN H2 -

S2 SLOT44 PIN M2

TI 'GND "

T2 SLOT S, PIN M2

Ui

-U2 SLOT 37, PIN N2

7 

I 

vi

V U2 SLOT 7,PIN NIS.... 
; 30 

•



JUNCTION BOX BACKPLANE WIRING
SLOT 39:Ml12

FROM

SLOT PIN TO_- __ _

39 Al SLOT 5, PIN 91

_ - 1 SLOT 37, PIN H 1

,._.___ 8 INC __

Cl I *SLOT 4._5.PIN _ . . ..-

- C2 •GNo D

-_ 01 I SLOT5, PIN D2_ j
D, L SLOT 5, PIN H2_

Ell__ SLOT 37, PIN HI

E2 I SLOT 37. PIN Hi

7' Fl SLOT 45, PIN D1__

F2 I SL')T 45, PIN J1 1

HI I SLOT 5, PIN D1 ,

H2 FSLOT 5, PIN H1 I

J I SLOT 37, PIN HI

J2 SLOT 37, PIN H I

KI SLOT45, PIN E2_

K 2 SLOT 45, PIN KZ
S Li1 SLOT 5, PIN E2 _

:L2T 1 SLOT 5, PIN K2
: i M1 SLOT 37, PIN Hl1

M2 SLOT 37, PIN H1I

N1 SLO r 45, PIN F I
IL. N2 SLOT 45, PIN L1 I

Ni ISLOTr5,PINi El_____ ____

P2 SLOT 5, PIN JI

_ RI SLOT 37, PIN H1

n2 SLOT 37,,PINH1
: ; $ SLOT 45, PHN H2

S2 SLOT 4r -IN M2 .

I i ' T2 'S`OT 5, MN M2

U I

U J2 SLOT 37, PIN H I. .
vi I

VK SLOT 45, PINN1
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JUNCTION BOX BACKPLANE WIRING

SLOT 40:Ml12

____ FROM .

77LL _TO]- -_ _ SIGNAL

40 Al SLOT5, PINB 1

+ A2 +5 VOC

3 1 SLOT PNINK._2 K

C97 7 SLOT 46, PIN C1 i

C2 GND _+1 SLOT 5, PIN D2

F2 SLOT 5, PIN H2

Hi SLOT 37, PIN K2

E2 SLOT 37, PIN K2

Fl SLOT 46, PIN K1

F 2 SLOT 46, PIN K1

KH SLOT 5, PIN Dl

?H2 SLOT 5, PIN HK

JI SLOT 37, PIN K2

J2 SLOT 37, PIN K2

Kl1 SLOT 46, PIN E2

K2 SLOT 46, PIN K2

Ni L SLOT 5, PIN E2

L2 SLOT 5, PIN K2

iL M1 SOT 37, PIN K2

M M2' SLLOT 37, PIN K2

N I1 SLOT 46, PIN F 1

•'N2 SLOT 46, PIN L 1

jp SLOT 5, PIN El

* P2 SLOTS, PINJ

SR, SLOT 37, PIN K2

R2 SLOT 37, PIN K?2_
Si $ SLOT 48, PIN H2

_S2_ SLOT 46, PIN M12

I TI GND

T2 SLOT 5, PIN M2

U1
I J2 SLOT 37I, PIN K2

VI

V7 SLOI 4b PIN NI

::, I t•' d" II d . . . ... . . . . . ...



JUNCTION BOX BACKPLANE WIRING

SLOT 41:Mll2
S FROM

O-T P TO- ---------- .. TO-. . . SIGNAL ..

41 Al SLOT_5, PINN

A2 +5 VDC

B1 , SLOT 37, PIN JI

82 NC

J Cl+ c SLOT 47 PN Cl

_ C 2C GNO_
Di SLOT 5, PIN D2

D2 SLOTS, PIN H2

El SLOT37, PIN A

L..... E2 SLOT 37,PIN JA _

i Fl SLOT 47, PIN D0
F2 SLOT 47, PIN JI

I Hi " SLOT 5, PIN Dl

H2__ SLOT 5, PIN Hl _ _ __ _ _ ________

J1 SLOT 37, PIN J I

J2 SLOT 37, PINJ A_________ ___

KI SLOT47, PIN E2!

K2 SLOT 47, PIN K2 _ _"-

L1 SLOT 5, PIN E2 -/ I
I L2 SLOT 5, PIN K2 __

Ml SLOT 37, PIN JI I

Nt? SLOT 37, PIN AJ ____. ............. . .__

Ni SLOT 47, PIN Fl

N2 SLOT 47, PIN Ll I _____-

P1 SLOT 6, PIN El

I P2 SLOT 5, PIN JI ____

I RI SLOT 37, PIN J1

R2 SLOT 37, PIN J1

SI SLOT 47, PIN H2

S2 SLOT 47, PIN M2

S T1 GNO

T2 SLOT 5, PIN M2 V

U2 SLOT 31, PIN JI

S VI

.V2 SLOT 4?, PIN NI

, ,33



JUNCTION BOX BACKPLANE WIRING

SLOT 42:Ml12

[ ROM
Q_--_ I PIN TO _SIGNAL .

S42 2Al ISLOTT 5PINBl M2 . ..

I I Is~;8,J

-1-�--- A2 i T. VDC H'1

;I 81 SLOT 37 PINM2

132 _NC

' }Cl SLOT 48. PIN CK

C2 GNO

_D- I- tSLOT 5. PIN D2

02 PL~ IiN H2

E LJ 1 SLOT 37 PINM2

E2 SLOT 37 PIN M2

FlN • SLOT 48, PIN D 1

SF2 SLOT 48, PIN J1

H I SLOT5 PIN .l... -

H2 R2 !SLOT 57 PIN MI ..

iT SLOT 37, PIN M2

J 12 ISLOT 37 PIN M2

KI SLOT48 PIN E2

K2 SLOT 48. PIN K2

Li97 l ' SLOT 5, PIN __-

L2 SLOTS5 PIN K2

Ml JSLO T 3
7PIN 

M
2 - .-

M2 SLOT 37 PIN M2

N I SLOT 4,8 PIN FN

P1 SLOT 4, PINE -- __L~m~r~Pi SLO85 PJIN E- I------- -- -

P2 ISLOT 5,PIN JI

I R I SLOT ?7PINM

,R2 '!'SLOT- 7 PINM2

S2? SLOT 48, PIN M2

U I

vI 2 SLOT 4f PIN N I

7 34
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JUNCTION BOX BACKPLANE WIRING

SLOT 44:Ml 11

L FROM 4_
L-SLOT-.-. _TOL T

44 Al A NC

-AZ ++6VDC _______

- i NC ___

62 INC-

cl t SLOT 3.JPIN Cl _

C2 IGNO

Al-i Dl SLOT 38, PIN F I_ _ _ _I ___D2 SLOT 50, PIN D2

Ei l El SL-OT50, -PIN E2_

I I E I SLOT 38, PIN KI

Fl SLOT 38, PINN1 N

r ' 1 F2 SLOT 50, PIN F2

Hl SLOT 50, PIN H2

H2 SLOT 38, PIN Sl

JI SLOT 38, PIN F2

J2 SLOT 50, PIN J2

K I SLOT 50, PIN K2

K2 SLOT 38, PIN K2

i Li I SLOT 38, PIN N2

i L2 SLOT 50, PIN L2

_ Mi SLOT 50, PIN M2

__ I_. M2 SLOT 38, PINS2
FN1 SLOT 38, PIN N2
i N2 SLOT 50, PIN N2

• PI . SLOT 50, PN P2
I NC

|__ P 2 NC

sl NC

S2 NC . . ...

T I GND

"TZ NC

U I NC

, tJ2 NC
Vi NC

Vi NC

' lb

S. . . ... . .. . ...... .. . . . . .• - • l i ! ' •



JUNCTION BOX BACKPLANE WIRING

SLOT 45:Mi11

1FROM TO_..
_.L•QT PIN " | TO.. .. .... SG A . . . ..

45 A1 INC

A2 16 VDC -__

BL [NC

__82 iNC

cl !SLOT 39, PON c___

DI iSLOT 39, PIN Nl

D2_SLT_51 PIN D2________-____ ________ ______

El__ SLOT___51, PIN E2_____________

_____ ___ _: SLOT 39, PIN
Sls oT39, PIN NI

__ F ISLOT 51,PONJF2 __________ _____

14 !iSLOT 51, PIN H2 __

H2 'SLOT 39, PIN Sl __

I ISLOT 39, PINN 2

L IL?2 ISLOT 51, PIN J2

Mi K ISLOT51, PIN K2__

K M2 ISLOT 39 PINS2 K2

NL ISLOT 39, PIN N2 ___"__

L2• SLOT si, PIN N2 __

P 1 ISLOT 51, PIN M2

P2 ISNC 39,__PINS2Pi i = SLOT 51,PIN P2

2I !NC 4
S7 i INC

K! J, - ..NC

.- Ti IGND

T2 !NC

Ul INC I-

I NC

U2 INC

"VII 'NC

I V2 !NC

1 36



JUNCTION BOX BACKPLANE WIRING

SLOT 46:Mi II

FROM

.PI.N. TO SIGNAL

S A2 +6 VDC

I 91 NC

B2 NC

I Cl SLOT 40, PIN C1

S C2 GNU

kI Dl SLOT40,PINF1

SLOT52,PIN O2_

I El SLOTS2, PON E2

I+4 JI;2 SLOT 40, PIN KNISFl SLOT 40, PON NI
PFI SLOT 52, PIN F72

HI SLOT 52, PIN H2

1H2 , SLOT 40, PIN Sl

AJ SLOT 40, PIN F2

J2 SLOT 52, PIN J2

Ki ISLOT52, PINK2

S-'K2 FSLOT,40, PN K2 NK

i I SLOT 40, PIN N2

I L2 SLOT 52 PIN L2

L M1 SLOT 52, PIN M2

M2 SLOT 40, PIN S2 _ -

Ni SLOT 40, PIN V2 I .

I N2 SLOT52, PIN.N2

I•I P1 SLOT 52, PIN,2 P2

P2 NC_ _

I INC .

R2 NC

NC

Ut .NC . .. ....I T1 G NC D

t I T2 NC
,, l Ul NC

U2 NC

I Vi tNC

"V2 1 NC
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JUNCTION BOX BACKPLANE WIRING
SLOT 47:Mlll

FROM - TO S,IGNAL

S47 A1 NC

SA2 +6 VDC

LLQ.... PI NC

AlA2 _.NC . .. PIN. ....... . ... . ......

SC2 GNO

AZ *6VD .-.. .. .......... ii...........

Di SLOT 41, PIN F1I

I D2 SLOT 53, PIN D2

El SLOT 5 PINE2

I E2 ISLCT"PIN
__Fl jF1 SLOT 41, PIN N I___

,F SLOT 53,. PIN F2

,H SLOT 53, PIN H2

H2 I SLOT 41, PIN Si

n J J SLOT 41, PIN F2
J2 SLOT 53, PIN J2

. Ki SLOT 53, PIN K2

1K2 SLOT 41, PIN K2

___ _ L i SLOT 41, PIN N2

, L - SLOT 53, PIN L2

Ml SLOT 53, PIN M2
!M2 _ SLOT 41, PIN S2

N 1  SLOT 41 PIN V2

IN2 SLOT 53, PIN N2

U J P1 SLOT 53. PIN P2

I P2 ~NC
R I NC

I R2 INC

sl INC
S2 1 NC

TI GND

T2 NC

t Ul NC

U0 NC

I VI NC

V) NC
I/8



JUNCTION BOX BACKPLANE WIRING

SLOT 48:Ml11

[ FROM j
L TT__. PN t TO SIGNAL

148 A¶lNC 414C

AZ rVDC ________ __

1-:t-T 81 NC____________
82 NC__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C0 SLOTi4, PIN Ci .. .... . ...

C2~ __ _ _ __ _ __ _ _

-V1 ElD IsSLOT 42, PIN F. I

:D2 SLOT 54, PIN D2_._ _

E___Fi I SLOT 54, PIN E2
E _2 4_SLOTr4. PIN Ni

I E F2 SLOT 42., PIN NI _

F2 ISLOT54,PINF2

L_ THl SLOT 54, PIN HZ___ _2______

H2 ISLOT 42, PIN Si _________ ___________

Ji SLOT 42, PIN F2

J2 SLOT 54, PIN J2

__I K1~ ' SLOT 54, PIN K2

K2 SLOT 42, PIN K2

[ J .. Li SLOT 42. PINN2
_ t2 SLOT 54. PIN L2

SM SLOT 54, PIN M2

IM2 -j SLOT42, PIN S2 __

NI SLOT 42, PIN V2

N2 P SLOT 54, PIN P2 -

K ' ! P2 NC _ _ -_ _ _ - __'-i i _ _RI SLOT 60, PIN LI L AOV RGT IN

K ~R2 NC ------.-- 1
-2St SLO_.• 63 N2L AOV RGT OUT

_" S2 SLOT O, PIN M2 .. .. .. . .KoDIN

T TI GND
Ti SLOT63,PINJJ2 - K 0D OUT

Ul SLOT64PINJ2 ISK EV OUT

U2 SLOT 6), PIN P2 - LFT IN

VI SLOT.0W, PIN J1 K EV (it
V2 SLOT64, PIND2 PLLADVLFTOUr

I3q

-. l



JUNCTION BOX BACKPLANE WIRING

SLOT 50:M050

-LOT PN TO . -SIGNAL __

+_ IA2 NVDC -_ I

KI B2 L 15VOC - ..........

_ I NC _ _ __ _

DI SLOT25,PIN J2
D2 - SLOT ", PIN D2 _

El SLOT 25, PIN KI

E2 SLOT 44, PIN El

F _ _I SLOT 25, PIN 12

F __ SLOT 44, PIN F2

H 1 SLOT25, PINi ___

1 :H2 4PIN IlljJ I SLOT 25. PIN L2

1J2 SLOT 44, PIN J2

1K1 ISLOT 25,PiNM1 PN

i K2 SLOT 44, PIN K1

Ll SLOT 25, PIN M2

j L2 ISLOT 44, PIN L2- - _ _ _ _ _ _

Mi SLOT 25, PIN N1

M2 SLOT 44, PIN Ml

1 N SLOT 25, PIN N2

NJ 2i SLOT 44, PIN N2 ________

P1 SLOT 25, PIN PI I
jN2 11SLOT 44, PIN P1

PI PI

_R_ INC _ _ _

R2 INC

Si - NC_ _ _

Tl GND

T2 NCN

U_ _ 2 NCV I ..

v2 INC

S NC 740



JUNCTION BOX BACKPLANE WIRING

SLOT 51:Mo50

FROM _ _
PIN TO SIGNAL

A2 1+5 VDC 
_________________

_ -__ _ __ ___ I NC

C1 NCjC2 IGND_

Dl SLOT 25. PIN P2 __

D2 SLOT 45. PIN D2

] El SLOT 25, PIN R1

K_._.d £ E2 ISLOT 45, PIN El

F1 SLOT 25. PIN R2

i~I F2 SLOT 45. PIN F2

_H_ SLOT 25 PINSI

H2 SLO T 45, PIN HI ._......._................

i iJi SLOT 25, PIN S2

J2 SLOT 45, PIN J2

SI1 SLOT 25. PIN T2

K2 SLOT 45, PIN Ki I

- Li SLOT 25bPIN Ul

I L2SLOT4. PIN L2 _

M I SLOT 25, PIN U2
'" M2 SLOT 46. PIN Mi

Ni SLOTrz. PIN VI _

LI±ŽN2 SLOT 45, PIN N_

P1 SLOT n, PIN V2

P2 SLOT 45, PIN P1

I I R I SLOT56, PINV1

R2 SLOT 60, PIN BI

I , s2 NC

Ti T GND

I T2 NC
U I NC

U2 'NCL v i .. . . N C . .. . . . . . ..~ - .. . . .- .. . ...

I t [ Vl !NC 741

741



JUNCTION BOX BACKPLANE WIRING

FROM SLOT 52;M05O
52 Al NC

B NC 

-

jl I c NCj I C2 IGND
O l ISLOT 5, OpN'Al -

E I F SLOT 56.PIN 81
E2 SLOT 46,PINFE?
Fi SLOT 56,PIN Cl
F2 ISLOT 46,PINF2

.. .... ... ..SLOT 46.P IN D

h-2 S LOT 46,PIN Hlif~ ~ -I SiI L OT 56 .PIN D2__ 
_ __ _

J2 SLOT 56, PIN F?I ~SO 56 NILTGPINNE?

K2 R ISLOT 46 
-----I RZ SLPON IN~i

SLOT 56, PIN Si
I___ 2 SLOT 46, PIN 1.2

NI SLO 56PICF
N2 NCLT 6PNN

)NC SLO 5 PIN

P2 SLT 46,PIN4P



JUNCTION BOX BACKPLANE WIRING
SLOT 53.M050

FROM

SLOT PIN TO SIGNAL

53 All NC

A2 +5VDC

82 - i-,iVDC

Cl INC

C2 GND

, Di SLOT 56. PIN H2
D__2 SLOT 47, PIN D2

SEl SLOT 56, PIN J1I

E2 SLOT 47, PIN EI

El I-SLOT 56, PIN J2

F2 SLOT 47, PIN F2

Hl SLOT 56. PIN KJ _

F H2 ISLOT 47, PIN HI__

i SLOT 56., PIN K2 I
J42 ISLOT 47, PIN J21

_. . . .I JSi I SLOT 56.PIN L- I ,

K2 SLOT 47, PIN KI
L, i SLOT 56, PIN L2 _

K -SO2 SLOT47,,_. PIN L2

III Li F ~SLOT 56, PIN M2________I_________

I M2 SLOT47, PIN -I

__ N Ml I SLOT 56, PIN M2

M2 SLOT47,.PIN N2

Ni SLOT 56., PIN M____ P 2 SLOT 47, PIN NZ

______ I i LSLOT 56, PIN Ni

R2 SLOT 59, PIN Di

i! sij SLOT 56., PIN T2

r S2 ISLOT59,PIN E2

I T2 NC .. . .

L ~U2 INC
_I _, I _uV !Nc- J .- - .-

L ' V2 INC 7-3
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JUNCTION BOX BACKPLANE WIRING

SLOT 54:MO50

FROM_______ ____I_____ SG A

SLOT P-IN- TO- SIGNAL____

54 Al NC _

W__.._J__ A2 +5V DC _i

__ _ 81 NC _

C I2 N-vC

C2 ON

S6D1 SLOT 56, PIN N2

D__ 02 SLOT 48, PIN D2

L El SLOT 56, PIN P1

E2 ISLOT 48, PIN E I_______ ______

Fl SLOT 56, PIN P2

77 2 SLOT 48. PIN F2 ________H HI SLOT 56, PIN R 
_

H2 SLOT48, PIN Hl

A j gNC

__ J2 SLOT48,PIN J2

Kl NC

I K2 SLOT 48.PIN KI

Li NC

I L2 SLOT 48, PIN L2I _ Mi NC

M2 SLOT 48, PIN Ml

Ni NC

N2 SLOT 48, PIN N2

P1 NC

P2 SLOT 48, PIN P1

R I R SLOT 56, PIN U1

R2 SLOT 59, PIN El

51 s SLOT 56, PIN U2 ..._-

S2 SLOT 59. PIN H2

_____ 1 r.ND -f7

Ul NC

r ~ U 2 ;NC
1 14

S ....L' I T2 [ C . . . .. ... . . . . .. . . . ... .. .... .. . .. . . . .. . . .... .. . . .-
SI } u ],c.... . ... .. .. ..



JUNCTION BOX BACKPLANE WIRING

SLOT 56

FROM

S!'OT PIN TO SIGNAL

56 Al SLOT 52, PIN D1

A2 INC

81 SLOT 52, PIN El

B2 INC
Ci !SLOT 52, PIN F1

C2 IGND

Dl ISLOT 52, PIN Hl

D2 ISLOT 52, PIN J1

El SLOT 52, PIN K1-i- E2 SLOT 52, PINLl
Fl SLOT 52, PIN Ml ____________

F2 1SLOT52,PINN1_
Hi jSLOT 52, PIN P1

H2 SLOT 53, PIN Dl

J1 tSLOT 53, PIN El

[ J2 SLO T o3, PIN Fl _

1(1 SLOT 53, PIN Hl ____________

K(2 K SLOT 53, PIN A_ _Li ISLOT 53, PIN K,

L2 SLOT 53, PIN Li

* ;,i1 j SLOT 53. PiN Ml

, NM2i SLOT 53, PIN N1

MN - f SLOT 53, PIN PN

N2 I SLOT 54, PIN D1
P1i SLOT 54, PIN El

S[ ~ P2 1SLOT54, PINF1l

Ri SLOT 54, PIN H1

R2 SLOT 52. PIN R1

*i I Sl SLOT 52, PIN S_ __

tJL.u TN GND_

_ T2 SLOT 53, PIN Si I
Ul jSLOT 54, PIN Ri I
U2 !SLOT 54, PIN S$
Vi itSLOT5 i. PIN R, _ _

L2 4JGND

745



JUNCTION BOX BACKPLANE WIRING
SLOT 59:CB

[ FROM

SSLOT . PIN TTO _SIGNAL

59 A I GND 1... ....
A 2 NC

- 1 SLOT b2 PIN R2 .. -

k B2_ NC .

S.. . . . e ll G N.D . ... . . .

', (;~2 G N D. . ... . . . .. . . . .. . . . . .. . .. .

Dl SLOT 53. PIN R 2
{ ! D2 SLOT 52, PIN S2

Ell- SLOT 54, PIN 2*

_E2 SLOT 53 PIN S2

F2 GND

H1 NC DON..OT..ND

L H2 SLOT 54 PIN S2

Ji NC DONOT Gi3N

I J2 GNND ,

I KI GN O .K2 NC DONOT GN'

, Li INC DONOT GNO
L2 }GND
Ml NC

M.2 NC DONOT GND

NI 1 jGND

SN2 _GN0

?P2 jNC DO NOT GN 1)

H2 IGND

, ] sl I NC ..

S2 I NC

T? I(GNo

12 jNC

,I 1 NC

t G LND
v¶i NC

I V• INC
; 4I



JUNCTION BOX BACKPLANE WIRING
SLOT 60:C8

FROM

SLOT PIN . . . . . . . . TO . . . . SIGNA L

60 Al GNDK... i___f• .1.NC _

8B1 SLOT 51, PIN R2

1 ...2 ......

_NC

i Cl GND

I C2 GND
SD1 NC_____________

D2 NC I
El NC _____

E2 NC _

i Fl GND
F2 GND

F Hi _NC _

H. NC __

Ji SLOT 48, PIN Vi ISK' EV

J2 GND

SK2 NC

I L1 SLOT 48, PIN R I _SL ADV RGT

[ ~~L2 GN

I Ml NC _

M2 SLOT 48, PIN S2 . .. . . SK

N I GND
_ N2 _ _N

I I
- j ,, P2 1 SLOT 48, PIN U2 I SL ADV LFT

. . . . .. R1 IGND _ _

R2 GND
S.. ..S i 'N _

S2 NC I

T1 GND

T2 T NC

I I NC
L. U2 GND
"- . ..... •..... . .... .. ,

V 7N7
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JUNCTION BOX BACKPLANE WIRING
SLOT 61:RELAY BOARD

FROM

SLOT PIN TO SIGNAL

61 All

A2 +5 VDC

Bi
82 SLOT 61, PIN K2 +15 VDC

__ C2 GND

I Dl

D2 tSLOT 30, PIN T2 & SLOT 61, PIN L2 ýL ADV LFT -OUT, COMMON[ El

E2 jSLOT 30,PIN UlS ADV F-OUN

K F2 NC LNC, NOT USED
! Hl

H2 SLOT 64, PIN R2 SL ADV LFT - INPUT

J2 SLOT 63, PIN R2 L ADV RGT . INPUT

[ t K2 ISLOT 61, PIN B2 & SLOT 62, PIN B2 _ __SDC__

_L2 SLOT 61, PIN D2 & SLOT 62, PIN D2 S L ADV RGT • OUT, COMMON

M2 SLOT 30, PIN Vi L ADV RGT OUT, NO

i N2 INC INC, NOT USED

Z I _I ______
_____ I Ri ________________________________I___________________ I: Rl

S1 2

I Ti GN
T2 _ _ _ _ _ _ _ _ -

vI U2

SV2
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. . . . . . ........ . . . ..

JUNCTION BOX BACKPLANE WIRING

SLOT 62:RELAY BOARD
_FROM

___SL.O_ _ TO _ SIGNAL
S62 Al

Bi 1
B2 t SLOT 61, PIN K2 & SLOT.62 PIN K2 +15VDC

C2 GND

D0 _

D2 SLOT 61, PIN L2 & SLOT 62, PIN L2 SK EVEN • OUT, COMMON
El

E2 SLOT 30, PIN.U2 SK EVEN. OUT, NO
F12 __ _ _ _ _ _ ___ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

F2 NC jNC, NOT USED

Hi 2 i SLOT 64, PIN S2 SK EVEN , INPUT

j-iJ2 SLOT 63, PIN S2 SK ODD. INPUT

K2 SLOT 62, PIN B2 & SLOT 64, PIN V2 +15 VDC

, LI

K L2 SLOT 62, PIN D2 SK ODD. OUT, COMMON

I M2 SLOT 30, PIN P1 SK ODD OUT, NO

! N1
N 2= NC NC, NOT USED

P i _11_ _ _

R2

S 2 ¶ _ _ _ _ _ _ _ _ _ _ _ _ _

______ ______-_________________________-__________ 1
TI GND _

t T2

L~. -- V2___ _ UI- __ -
. .U2,

S. . . . . _ _ _ j _ _ _ 2 . . . .7 4 9. . . .



JUNCTION BOX BACKPLANE WIRING

SLOT 63:M040

FROM

-SLOT PIN TO .___N.A._ _-__

63 All

_A2 +V VOC

01

c1

C2 GN_ P0 TERM OF RELAY SUPPLY

D1

D2 SLOT48,PINS I SK ADV ROT IN

El

E2 SLOT 42. PIN VI

F1

F2 SLOT 42, PIN V1I

H1

H2 H SLOT 42, PIN V I . .....

KI
S J2 SLOT 48. PIN T2 SK ODIN

K2 SLOT 42, PIN Ul

L1

L2 SLOT 42, PIN Ut

Ml

M2 SLOT 42, PIN Ut

N1

N2 NC

P1

P2 NC

R!

R2 SLOT 61, PIN J2 SK ADV HGT OUT

Si

S2 SLOT 62, PIN J2 SK OD OUT

T1 GND

T2 NC

Ut

U2 NC

V1

V2 SLOT 64, PIN V2 +15VDC _ _

7.50



JUNCTION BOX BACKPLANE WINING

SLOT 64.M040

FROM

SLOT PIN TO . ... _SIGNAL

64 Al_

-4 #5 vOCBi

b2 - 15VUC _ _ _ _ _ _ _ _ _ _ _ _ _

C2 GND POS TERM OF RELAY SUPPLY

Di

02 SLOT 48, PIN V2 SL ADV LFT IN

- El

- E2 .... SLOT 41, PIN Vl & SLOT 64. PIN K2

Fl_______________

F2 SLOT 41, PIN VI & SLOT 64, PIN L2

Hm

H2 SLOT 41, PIN VI & SLOT 64, PIN M2 ... ...... .. ._ _

Ml
__J2 SLOT 48, PIN Ul SK EVIN

K I

K2 SLOT 64, PIN E2

Ll

L2 SLOT 64, PON F2

Ml

AA2 SLOT 64, PIN H2

N1

N2 NC _ _ _ _ _

P1
P2 NC

S~R1

R2 SLOT 61, PIN H2 SL ADV LFT OUT

S1

S2 SLOT 62, PIN H2 SK EV OUT

T1 GND

T2 NC

UI __ __ _ _ __ _

U2 NC

- - ~vi - - - - - - - -

V2 SLOT 63, PIN V2 & SLOT 62. PIN K2 415 VOC

7-51
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SUPERVISOR'S CONSOLE

INTRODUCTION

The Supervisor's Console is a multifunctional unit which was designed for two
main purposes. First, the front cons4,!s contains the nput/output controls and
reference displays necessary for running an experiment. Secondly, the unit
houses equipments necessary for the VDS system which are external to the
GAT-1 and computer. Because of these aspects, the Supervisor's Console
serves as a routing station for signals to and from the projection, GAT-1,
and computer subsystems.

Housed within the console are the Navigational Area Programming Panels for
the GAT-1 and the Junction Box with the 5VDC and 15VDC power supplies
for the digita! I/O signals. Detailed information concerning these co•mponents
can be found in Section VII, Junction Box, and Sectiorn IX, N'avigational
Area Programming Panels. Information concerning the front panel controls
and the routing of signals within the console are presented in this section.

II. PANEL DESCRIPTION

The panel layout is pictorially represented in Figure 8-1. A brief description of
the instruments and controls on the janel is as follows:

A. CLOCK

A digital clock is provided for timing experimental sessions. The
time clock can be manually controlled by either the controls on the clock
itself or by the START, STOP, and CONTINUE pushbuttons on the Super-
visor's Console. The START button resets the clock to a zero reading,
the CONTINUE button starts the clock timing, and the STOP button halts
timing. At present, the clock cannot be controlled by the computer. The
clock is enabled when the power switch at the console is turned on.

B. POWER SWITCH AND LIGHT INDICATOR

The power switch enables the digital clock, and the 5VDC, and the 15VDC
power supply for the Junction Box. This switch can only be activated
when the computer is on. When these power sources are enabled, the red
indicator light above the switch will be lit. The toggle switch should be
placed in an upward position for ON.

C. RESPONSE SWITCH AND LIGHT INDICATOR

The response switch is not presently connected. However, if the POWER
switch at the console is ONthe green indicator light will be lit when the
response button in the GAT-1 is pressed.
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Table 8-1

SUPERVISOR'S CONSOLE DESCRIPTION GUIDE

t 9.x N9.

1 Junction Box Power Switch
2 Indicator Light
3 Airspeed Repeater Gauge
4 Projector Forward/Reverse Toggle Switch
5 Projection Booth Power Switch
6 Clock
7 Rate of Climb Repeater Gauge
8 Directional Gyro Repeater Gauge
9 Indicator Light

10 Response Toggle Switch
11 VOR-ILS Deviation Repeater Gauge
12 Heading Selection Thumbwheel Switches
13 DG/VOR Selection Toggle Switch
14 VOR ON/OFF Toggle Switch
15 Compute/Suspend Toggle Switch
16 Indicator Light
17 Computer/Clock Start Pushbutton Switch
18 Computer/Clock Stop Pushbutton Switch
19 Computer/Clock Continue Pushbutton Switch
20 Detect Sector Pushbutton Switches
21 Detect Error Pushbutton Switch
22 Wind Velocity Potentiometer
23 Field Elevation Potentiometer
24 VHF Communication Frequency Readout Meters
25 Center of Gravity Potentiometer
26 Wind Direction Potentiometer
27 Press To Talk Swhtch
28 Gross We ght Potentiom ter
29 Microphone Jack
30 Headset Jack
31 Engine Sound Potentiometer
32 Barometric Pressure Potentiometer
33 Outside Air Temperature Potentiometer
34 Rought Air Potentiometer
35 Right & Left Tank Fuel Potentiometers
36 Oil Temperature Potentiometer
37 Oil Pressure Potentiometer
38 Cylinder Head Temperature Potentiometer
39 Altitude Reference Rotary Switch
40 I F R IV F R Reference Toggle Switch
41 Level/Climb Reference Toggle Switch
42 Altitude Repeater Gauge
43 Airspeed Reference Toggle Switch
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D. FLIGHT -REPEATER GAUGES

There are five repeater aircraft instruments to monitor a pilot's flight
performance. These indicators include Altitude. Airspeed, Raze of Climb,
Heading, and VOR-ILS Deviation. All gauges except the VOR-ILS
Deviation instrument will be activated when the GAT-1 is turned on.
The VOR.-ILSgauge is operational only when a VOR or ILS station is
tuned in on the Mark-12 panel in the GAT-1 cockpit and when the
VOR ON/OFF switch at the console is ON.

E. PROJECTOR CONTROLS

The ON/OFF toggle switch controls the 120 VAC power to the outlets
in tho projection booth. Since all projectors or dissolve units are plugged
into these outlets, the switch enables the projection system. The toggle
switch should be placed in an upward position for ON.

The FORWARD/REVERSE toggle switch is not connected. A remote
control box provides for manual control of the projectors. This
box is linked to the connector plug located on the back of the console
above the Navigational Programming Panels.

F. DIGITAL INPUT CONTROLS TO PDP 84a

1. The following controls serve to provide reference values for assessing
flight performance.

a. Altitude and Altitude Rate

The LEVEL/CLIMB toggle switch determines whether the altitude
analog signal is compared to the altitude refasance switches or to
a rate of descent/climb of 500 ft./min. The altitude rotary switch
is used to set the altitude reference value, Since the"altitude
references can have two values, the IFR.'VFR toggle switch determines
which has been selected. The altitude values that can be selected
are presnted below.

IFR 0 2000 3000 4000 5000

VFR 0 1000 2500 3500 4500

The LEVEL/CLIMB switch should be placed in an upward position
(LEVEL) to base figure-of-merit comparison to a specified altitude set
on the altitude rotary swit.h. The IFR/VFR toggle switch st.ould be
in an upward position (IFR) it the maxinnum or upper value is desired
and in the downward position (VFR) for the lower value.
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When the analog signal is to be compared to a t 500 ft./min.
change, the LEVEL/CLIMB switch should be placed in a down-
ward position (CLIMB). If the comparison is for an ascent, the
altitude reference switch should be set on an altitude lower than
the true altitude of the aircraft. For a descent, the altitude
reference should be set at an altitude greater than the true

altitude of the aircraft. During an experimental run, caution
should be employed to insure that the aircraft is always below
the altitude reference for a descent or above the altitude -cierence
for climbing. Otherwise, the performance calculations will be in
error.

b. Airspeed

A two position toggle switch has bean provided for selecting two
different airspeeds, 95 MPH or 115 MPH, as reference values.
Under cruise conditions, the 115 MPH should be used as the refer.
ence, while 95 MPH should be used for climbing or descending.
The toggle switch should be placed in an upward position for
115 MPH and a downward position for 95 MPH.

c. Heading and VOR/ILS Deviation

The DGNVOR toggle switch determines whether the heading sine/
cosine analog signals or the VOR/ILS course deviation analog
signals are to be used as the performance measure for calculation.

The toggle switch should be placed in an upward position (DG)
for noading calculations and in downward position (VOR) for
VOR/ILS course deviation calculations. When heading ca!culations
are to be made. the heading reference values should be selected
on the HEADING SELECT thumbwheel switches. The reference
value for VOR/ILS course deviation is automatically set for zero
in the computer program.

d. Compute or Suspend and Light Indicator

The COMPUTE/SUSPEND toggle switch determines whether thr
samples of the analog signals will be included in the data analysis.
When the toggle switch is in the upward position (COMPUTE), all
analog samples are compared to their reference values and the
results are combined with calculations of previous samples. When the
switch is placed in the downward position (SUSPEND). calculations
of the analog samples are not made and the signal input is ignored.
The purpose for this switch is to suspend calculations of the data
when reference values are changed and when a pilot is required to
maneuver his aircraft for a flight scenario which corresponds to the
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reference values. During an experimental run, caution should be
employed to insure that this switch is placed in the SUSPEND
position at the appropriate times. Otherwise the performance
calculation will be in error. The light indicator is on when the
toggle switch is in the SUSPEND position.

2. Pushbutton switches for detection inputs and computer controls.

a. The DETECT SECTOR switches 1 through 14 are used by the
suporvisor to indicate which screen sector the subject verbally
reports having detected a target. This intormation is utilized by
the computer program to determine whether the detection is
valid Several ser-ands must elapse between successive inputs
via these switches.

b. The DETECT ERROR switch is activated by the experimenter to
indicate that the subject inadvertently pressed the response button
in the GAT-1 and was not attempting to report a target detection.
These data are included in the data output.

c. The START, STOP, and CONTINUE buttons control the computer
run of an experiment and the digital clock. START initiates a
program rur, STOP halts an experimental run, and CONTINUE
resumes an experimental run after a STOP. The digital clock
controls hbve been explained above in Section X, Part A, Clock.

G. INPUTS Tv G AT-1

1. OIL PRESSURE, OIL TEMPERATURE, and CYLINDER HEAD
TEMPERATURE controls determine the gauge readings of the cor-
responding instruments in the trainer. These inputs are not used
in Zhe analog computations of the flight conditions. Under standard
condi'ons, these should be set so the indicators in the GAT-1 are
in the green rejnns.

2. The PIGHT and LEFT TANK controls are the same type as above.
The middle knob re- ates the left fuel tank gauge, while the outer
dibl regulates the right fuel tai'k guage.

3. OUTSIDE AIR TEMPERATURE, CROSS WEIGHT, and CENTER OF
GRAVITY controls regulate inputs that are used in the analog com-
putatlons. For norma: conditions, CENTER OF GRAVITY should be
set ,o 25%, GROSS WEIGHT o 1600 lbs., and OUTSIDE AIR TEM-
PERATURE to STD. The control positions for these conditions are

me-ked on the panel.
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4. ENGINE SOUND control regulates the volume of the sound output
from the loudspeaker in the cockpit.

5. ROUGH AIR control regulates the amplitude of the rough air signal
which is applied as an input to the motion system and the airspeed
indicator.

6. BAROMETRIC PRESSURE control allows for changing the baro-
metric pressure between the limits ot 29.00 and 31.00 inches
if mercury. The calibration table in Section VI, VDS Analog

Signals, Part III, gives the control settings for specified barometric
pressure levels. This is a VDS Analog Signal which is used in the
calculations of the altitude performance measurement. Therefore, if
a pilot is instructed to change the barometric pressure on his altimeter,
a corresponding change must be made on the Supervisor's Console.

7. WIND VELOCITY and WIND FROM controls regulate the simulated speed
and direction of the wind. Both of these controls are calibrated VDS
Analog Signals. Refer to calibration table in Section VI, VDS Analog
Signals, Part III for the dial setting of the VELOCITY control for
specific wind speed.

8. FIELD ELEVATION control regulates the elevation of simulated airports.
This is a VDS Analog Signal. The calibration table in Section VI,
VDS Analog Signals, Part III gives the specific control settings for
specific elevations.

9. The VHF COMMUNICATION FREQUENCY readout consists of three
current operated meters which display the frequency in MHA to
which the VHF NAV/COMM receiver in the cockpit is tuned.

10. Communication jacks located at the lower left hand side of the panel
for a microphone and headset allow for communication with a pilot
during flight. For an experimenter to transmit a message, the press
to talk toggle switch must be placed in the downward position.

Ill. WIRING DIAGRAM

Figure 8-2 functionally illustrates the routing of the signals to and from the
Supervisor% Console. Figures 8-3 through 8-9 depict the specific wiring schematics
for the controls and instruments on the console.
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Figure 8-6. Clock Control System Wiring Schematic
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NAVIGATIONAL AREA PROGRAMMING PANELS

The GAT-1 is equiýp.ed with radin aids which provide for the reception of simu-
lated VOR, ADF, ILS, and marker beacon signals within 120 nautical mile square
area. Hardwaro provisions have been made for two ILS stations, six VOR stations,
and four ADF stations. The VOR and ILS signals are tuned by the MARK-12 NAV/
COMM tuning head and the related information is displayed on the VOA-9 omnirange
bearing indicator. When the MARK-12 is tuned to an ILS station, a visual reception
of the marker beacon can be obtained when the aircraft location is coincident with
marker beacon ground placement. Aural identification of VOR/ILS and marker
beacon signals is provided over the cockpit communication loudspeaker. The aural
identification for the VOR/ILS signal is the station's Morse code call, while the
marker beacon system provides a continuous beep until the aircraft travels away
from the beacon ground location. ADF signals are tuned by the ADF-31A with
the bearing information displayed on the associated indicator. A Morse code aural
identification is given over the communication loudspeaker.

The GAT--i is programmed by the manufacturer for an area called Anytown, USA.
Typically, station locations, VHF frequencies, and Morse code identification cal!s
are hardwired on the appropriate circuit cards. For the VDS system, two program-
ming modules and ore voltage monitoring module allow the navigationMl system
to be changed without hardware alterations on the circuit boards. These
Navigational Area Programming panels, located on the back of the Supervisor's
Console, are directly linkud hia cabling to the ADF circuit board (633731E) and the
X-Y Station Coordinate circuit board (633727E) in the GAT-I. Pictorial representa-
tion of these modules are presented in Figure 9.1.

To achieve flexibility of external programming, modifications were made on the
ADF- and X-Y Station circuit boards. These changes include removal of jumper
cables and resistors necessary for the navigational system of Anytown, USA. In
addition, internal potentiometers for altering station locations were removed and
replaced on the Navigational Area Programming panels for easy access and monitoring.
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DESCRIPTION

A. NON DIRECTIONAL BEACON PROGRAMMING MODULE

This module includes eight potentiometers and a patch panel for programming the

reception of simulated ADF .ildnals. Each of the four stations has one potentiometer

for setting the station frequency and two for setting the X.Y coordinates of the station

location. A patch panel has been provided for programming the first and second Morse

"code letters of the station's identification call. At present, the panel is not hardwired

to the ADF circuit board.

1. Patch panel inputs 26, A to Z Morse code ID.

2. Patch panel outputs 4; first letter of Morse code ID.
4 second letter of Morse code ID.

3. Potentiometers 4 station frequency; 5K, 10 turn, '15 VDC.

4, X position. 20K, 10 turn, *15 VDC.
4 Y-position: 20K. 10 tuwn, t15 VDC.

4 Output Destination ADF 633731E circuit board.
SInput Source ADF 633731E circuit board

b. Voltage Source TB1 18, +15 VOC; Supervisor's Console.
TBI.14, .15 VDC; Supervisor's Console,

B, VOR/ILS PROGRAMMING MODULE

This module includes twenty-two potentiometers and a patch panel Each of the six

VOR and two ILS station has two potentiometers for setting the X.Y coordinates of

the station locations, Each ILS station has two additional pots to set the sine and

cosine headings required for an ILS approach. There are two pots, sine and cosine,

to set the magnetic variation for ILS reference to true runway bearing and VOR

reference to magnetic North, The patch panel has outputs for programming the VHF

tuning frequencies and the three letter Morse code calls for the eight stations

1. Patch Paoel Inputs 26. A to Z Morse code ID.
10. VHF tuning frequency, 108 thru 117.
10, VHF tuning frequency, .0 thru .9.

2. Patch Panel Outputs 81 first 'etter of Morse r~ode ID.
8 second letter of Morse code ID.

8. third letter of Morse code ID.
3. Potentiometers 8. X-position; 15K, 5 turn, -15 DC

8 Y position, 15K, 5 turn, '15 VDC

2 sine heading; 15K, 5 turn, "15 VDC.
2. cosine heading; 15K. 5 turn, -15 VDC.

1. sine magnetic variatiiii, 15K. 5 turn, "15 VDC.

1. cosine magnetic variation, 15K, 5 turn, *15 VDC.

4. Output Destination X Y Station Coordinate 633727E circuit board,
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5. Input Source X-Y Station~ Coordinato 633727E circuit board.
6. Voltage Source TB1*18. +15 VOC; Suiervisor's Cop .Ae.

TBI-14, -15 VOC; Supernesir's Console.

C. VOLTAGE MONITORING PANEL

This module provides connection points for a DVM in order to read output voltages
from the potentiometers of the programming modules, and to obtain voltages regarding
the X.Y Position and heading of the aircraft. Two ammeters have been provided to
indicate the X-Y position of the aircraft location in reference to a particular navigational
system. There is a rotary switch for selecting either an ILS, VOR, or ND8 reference
station. A second rotary switch has been provided to change the sensitivity of the
microamnpere readings.

INPUT SOURCE

Aircraft X-poiition ADF card, J2.F; ý10 VDC.
sone heading ADF card, J3-A; 110 VDC.
Y-position ADF card, J2-J; '10 VDC.
cosine heading ADF card, J3.F; '10 VDC.

NOB X-location ADF card, J2-D. *10 VDC.
V-location AOF card, J2.A; *10 VDC,

VOR/ILS X-Iocation X-Y Station card, TPI; '10 VOC.
Y-location XVY Station card, TP2; -10 VDC.

ILS sine heading X-Y Station card, TP4; ±10 VDC.
cosine heading XVY Station card, TP3: '10 VDC.

I. MODIFICATIONS OF THE GAT-1 CIRCUIT BOARDS

A. ADF CIRCUIT BOARD (633731E)

1. Station Frequencies.

a. Removed R1,R2; R17,R18. R33,R34. R49,R50.
b. R1, R17, R33, R49 junction points have been linked via cabling to the

respective ADF station tuning pots 1, 2, 3, and 4 on the NOB Programming
Module.

C. Cabling on the ADF card has been labeled accordingly.
2. Station Identification.

a. Jumper cables to A5 Pins 1, 2, 3, and 4 have been changed for the present
programming. See Area Programming Cilart in this section.

b. Jumper cables to A6 Pins 5, 6, 7, and 6 "r'.ve been changed for the present
programming. See Area Progrsmming Chars in *6iis section.

3. Station Positior~s.

a. Removed pots R87, 1188, R381, R90. Disconnected R413,1414 1115,1116; R29,R30,
R3'W,R32 from the circuit pathway.
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b. The connecting terminal point of R37 ias been linked via cabling to the
X-axis pot for station 1 on the NDB Programming Module; R88 to the
Y-axis put for station 1; R89 to X-axis pot for station 2; and, R90 to

the Y-axis pot for station 2.
c. Removed R45,R46; R47RdR; R61,R62; R63,R64.
d. Junction points of R.5,R40 have been linked via cabling to the X-axis pot

for station 3; R47,R48 to the Y-axis pot fur station 3: R61,R62 to the X-
axis for station 4; and R63,R64 to the Y-axis for station 4.

e. Cabling on the ADF card has been labeled accordingly.
4. 400 cycle Sine-Cosine Inverter Cards.

a. J2-F on the A8 module has been linked via cabling to the X-axis of aircraft
location on the Voltage monitoring Panel; J2-J to the Y-axis of the aircraft
location; J2-D to the X-axis of the NDB station location; and J2-A to
.the Yaxis of the NDB station location.

b. J3-A on the A7 module has been linked via cabling to the sine aspect of the
aircraft heading on the Voltage Monitoring Panel; and, J3-F to the cosine
aspect of the aircraft heading.

B. X-Y STATION COORDINATE CIRCUIT BOARD (633727E)

1. Station Frequencies.

a. Jumper cables between t1e station frequency pins and input. Pins 4, 5,
6, 7, to A3; Pins 17, 18, 19, 20, 21, 22, to A2; and Pins 32, 33, 34,

35, 36, 37, to Al have been removed.
b. The 20 station frequency pins for 108 thru 117 and .0 thrij .9 have been

linked via cabling to the patch panel on the VOR/ILS Programming Module.

c. Pins 4, 5, 6, 7; Pins 17, 18, ',), 20, 21, 22; and, Pins 32, 33, 34, 35, 36,
37, have been linked via cabling to the patch panel -. the VOR/ILS Orngram-
ming Module. The pin number assignment on the patch panel is identical

to the pin number on the X-Y Station card.
2. Station Identification.

a. Jumper cables between the Morse code letters and input Pins 8, 9, 10, to A6;
Pins 23, 24, 25, to A5; Pins 38, 39, 40, to A4; Pins 1, 2, 3, to A9; Pins 11,

12, 13, to A8; Pins 26, 27, 28, to A7; P ins 14. 15. 16, to All; and Pins 29,

30, 31, to A10 have been rerroved.
b. Morse code letters A thru Z fed to the X-Y station card by the Code ID Card

(633735E) have been linked via cabling to the patch panel on the VOR/ILS

Programming Module.
c. Input pins for station identification to A4, A5, A6, A7, A8, A9, Al, and

All have heen linked via caLding to the patch panel on the VOR/ILS Program-
ming Module. The pin number assignment on the patch panel is identical to
the pin numbers on the X-Y Station card.

3. Station Position.

a. Removed R100,R102; R101,R103; R108,R11C; R109,R111; R128,R130; R129,R131;
R132,R134; R'33,R135; R140,R142; R141,R143; R148,R150; R149,R151;

R136,R138; R137,R139; R144,R1146; R145,R147.
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b. Removed pots R65 thru R80.

c. The connecting terminal point of R65 has been linked via cable to the X-axis
pot for VOR station 6 on the VOR/ILS Programming Module; R66 to the Y-axis
pot for VOR station 6; R67 to the X-axis pot for VOR station 5; R68 to the
Y-axis pot for VOR station 5; R69 to the X-axis pot for VOR station 4; R70

to the Y-axis pot for VOR station 4; R71 to the X-axis pot for VOR station
3; R72 to the Y-axis pot for VOR station 3; R73 to the X-axis pot for VOR
station 2; R74 to the Y-axis pot for VOR station 2; R75 to the X-axis pot
for VOR station 1; R76 to theY-axis pot for VOR station 1; R77 to X-axis
pot for ILS station 2; R78 to Y-axis pot for ILS station 2; R79 to the X-axis
pot for ILS station 1; and , R80 to the Y-axis pot for ILS station 1.

d. Removed R112,R113; R118,R119; R114,R 1 15; R120,R121; R116,R117; R112,R123.
a. Junction points of R122,R123 have been linked via cabling to the sine magnetic

variation pot on the VOR/ILS Programming Module; and, R116,R117 to the
cosine magnetic variation pot.

f. Junction points of R120,R121 have been linked via cable to the sine aspect
for ILS station 1; R114,R115 to the cosine aspect for ILS station 1; R118,R119
to the sine aspect for ILS station 2; R112,R113 to the cosine aspect for ILS
station 2.

4. Output to VOR/ILS Circuit Board (633723E).

a. TP1 has been linked via cabling to the X-axis of the VOR/ILS station location;
and, TP2 to the Y-axis of the VOR/ILS station location.

b. TP3 has been linked via cabling to the cosine aspect of the ILS station location;

and, TP4 to the sine aspect of the ILS station location,

Ill. PROGRAMMING PROCEDURES

A. CHARTS

A navigational chart for a 120 nautical mile square area is required to program the VDS

system for the reception of VOR, ADF, ILS, and marker beacon signals. The chart can
either be part of an FAA Sectional Aeronautical Chart or a simulated navigational chart

such as Anytown developed by Link-Singer Company. When a Sectional Aeronautical
Chart is used, Low Altitude Instrument Approach Procedures for the area are required
to program the ILS approaches.

It will also be necessary to use the Area Programming Chart shown in Table 9.1 This
chart designates the appropriate pin assignments for setting the frequency and Morse
code identification of each station on the patch panel. The input required for the circuit
boards in the GAT.1 is made by means of these pins, A record ( f the most recent program
should be shown in Table 9.Il for future reference and for calibrdtion checks of the GAT.1

system.

B. SPECIAL NOTE

Since navigational instements are dependent upon magnetic North, special consideration
must be given to tho magnetic deviation from true North. rhis is particularly true
when programring with a Sectional Aeronautical Chart. The programming
procedures, presented below, indicate how to account for the maonetic
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variation with VOR and ILS stations. However, the directional gyro in the GAT--1
is set to true North as Is the ADF radio compass, Adjustment of these components
is required in order to synchronize 4e GAT-1i system to a navigational area with a
magnetic variation. A description of these adjustments is given in the GAT 1 manual.
pages 132 and 229. (According to the manual, the directional gyro can be changed by
repositioning the heading indicator synchro located on the motion bas. This must be
done without changing pots RI and R2. An easier procedure is to change the synchro
located on the beck of the directional gyro in the cockpit instrument panel. Any change

in R1 and R2 would necessitate a recalibration of heading and airspeed which could

require changes in the computer program.] Because the computer calculations for heading
are based on the sine/cosine analog signal from R1, the heading ivference switches
on tle Supervisor's Console must be in reference to true North instead of magnetic North
unless a constant reading error is acceptable. Caution must be employed during an
experimoental run so that a pilot it given flight information in terms of magnetic North,

,vPiilr, t.le reference values for calculations are in terms of true North.

A method to by-pass these problems is to set up a navigational area with zero magnetic

variation. Therefore, true North would be the same as maognetic North. Then, the only

adjustment that would meed to be made is the wind direction sine/cosine pot if true wind
direction was required for the flight scenario. The adjustment can be made by either
rotating the wind direction pot case to the appropriate setting or repositioning the selector
knob.

When using a Sectional Aeronautical Chart, It will also be r eesaary to rotate the chart on the
X.Y plotter so that magnetic North is placed at the recorder top before programming the
navigational stations. A better procedure would be to cut out the required area on a
bias which corresponds to the magnetic variation and make horizontal and vertical marks
which match the recorder plate on the margins. This te..,hniquo would make the chart

more convenient to use and insure that the map is positvoned in the same lication every
time.

C. PROCEDURES

The programming of the navigational systems is to be performed under the followilng
conditions:

a. GAT 1 Electrical Power ON
b. Servo Systems for Pitch, Roll, and Yew SHUT DOWN
c. Zero Indicate(: Airspeed.
d. X-Y Plotter ON.
0. MARK.12 Panel ON.

1 Master switch in GAT 1 ON

2. Communication Volume Contro! ON (uppor left knob on panel)
3. IDENT Switch PULLED kupper riqht knob on panmll.

f. ADF-31 Panel ON.
1. OFF REC ADF Switch to ADF
2 Volume Control ON.
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1. VOR Stations.

Step 1. Identify six VOR stations on the navigational chart and note the frequencies
and code call letters of each station. It is not necessary to program all
stations if the navigational area contains less than six VOR stations or if
the navigational system is not required for a specific experiment.

Step 2. On the VOR/ILS Programming Module, locate pins marked 1 through 40
on the right hand side of the patch panel. These pins conduct inputs to
the GAT-1 for setting the station frequency and Morse code identification
calls. Input pin assignments for all stations are designated in Table 9-1.

Step 3. Connect all desired station frequencies, located in the middle of the patch
panel, to the appropriate pin numbers. For example, if the desired frequency
for VOR station 1 is 108.8, then 108 should be cabled to pin 18 and .8 to
pin 17. No other station can have the same frequency; however, part of a
frequency, such as .8 or 108, can be used more than one time.

Step 4. Connect the desired Morse code letters, located on the left side of the patch
panel, to the appropriate pin numbers. For VOR station 1, the first letter
of the ID code should be cabled to pin 25, the second to pin 13, and the
third to pin 15. Any Morse code letter can be used as many times as
necessary.

Step 5. Select each frequency with the Navigational Tuning Head, the middle knob
oti the left of MARK.12 panel, to check the aural presentation of the Morse
code identification calls. Be sure the volume has been turned up and the
IDENT button has been pulled out. If the calls are not corroct, reprogram.
If problems persist, notify the proper personnel to check the X.Y station and
Code ID circuit boards in the GAT--1.

Step 6. Position the navigational chart on the X-Y recorder, The recorder face plate
is marked with a vertical and a horizontal line which cross at the edges of the
face plate. Align the map with the face plate lines. Since it is imperative
to place the map in the same place every time, vertical and horizontal lines
which correspond with the face plate lines should be marked on the margins
of the map.

Step 7. Turn recorder ON.
Step 8. Select station 1 frequency with the Navigational Tuning Heads,
Step 9. Locate VOR station 1 on the map,
Step 10. Slew the aircraft over the VOR symbol on the map which corresponds to

station 1. To slew the aircraft, usn the E-W and N-S toggle switches.
Step 11. Connect a DVM (Digital Voltmeterl to the " plug for aircraft X-position.
Step 12. Record the voltage. If the voltage is rapidly changing and movement of

aircraft position is detectable on the plotter, notify proper personnel to
check the drift on the X-Y aircraft circuit board in the GAT-1.

Step 13. Connect the DVM to the plug for aircraft Y-position; record voltage.
Step 14. Connect the DVM to the plug for VOR X-position.
Step 15 Set the X-pot for VOR station 1 to the same voltage obtained in Step 12

for the aircraft X-position. If adjustment of the pot does not change the
voltage readings, check to see that station 1 has been correctly selected on

the Navigational Tuning Heads.
Step 16. Connect the DVM to the ' plug for VOR Y- position.
Step 17 Set the Y-pot for VOR station 1 to the same voltage obtained from

Step 13 for the aircraft Y-position.
Step 18 Repeat Steps 7 through 17 for each of the VOR stations.
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2. Magnetic Deviation.

Step 1. Determine the variation required in degrees to set a magnetic North. With
a simulated navigational chart, magnetic North and true North should be
identical. With a Sectional Aeronautical Chart, the value associated with the
magenta isogonic line is a magnetic variation. Be sure to note if the variation

value is East or West.
Step 2. Find the sine and cosine of this variation. When magnetic North and true

North are identical, the sine value equals 0 and the cosine equals +1. For
a 30 E magnetic variation, the sine value equals +.0323 and the cosine equals
+.9986. However, if the magnetic variation is 30 W, sine and cosine values
need to be found for 3570 which results in a sine value of ..0523 and a
cosine value of +.9986.

Step 3. Multiply the sine and cosine values by 10. Reverse the sign of the value,
e.g., a +5 becomes a .5. This gives the voltage values for setting the

potentiometers.
Step 4. Make sure the Navigational Communication System is ON.
Step 5. Select a VOR station frequency on the Navigational Tuning Head.
Step 6. Connect a DVM to the I plug for ILS sine.
Step 7. Set the magnetic deviation sine pot to the voltage obtained in Step 3.
Step 8. Connect a DVM to the ' plug for ILS 'osine.
Step 9. Set the magnetic deviation cosine pot to the voltage obtained in Step 3.

3. VOR and magnetic deviation programming check,

Step 1. Select VOR station 1 on the Navigational Tuning Head.
Step 2. Slew the GAT-1 due South on the 1800 radial.
Step 3. In the GAT, set the OMNI bearing selector (outer dial) to 1800 using the knob

at the base of the VOR instrument.
Step 4. The VOR course indicator should read TO station and the course deviation

needle should be in a vertical position with 1800 at the top and 00 at the
bottom.

Step 5. Slew the GAT-1 to the 1750 South radial. The course deviation needle
should have a left deflection,

Step 6. Set the OMNI bearing selector to 1750. The course deviatio.i needle should
center.

Step 7. Slew the GAT -1 over the VOR symbol. The TO-OFF-FROM flag should go to
OFF and the course deviation needle should be centered.

Step 8. Slew the GAT 1 North on the 00 radial. Set the OMNI bearing selector to 00,
The TO-OFF-FROM flag should read FROM with the course deviation needle
centered.

Step 9. Repeat Steps 1 through 6 for each station
Step 10. If a problem occurs, check programming. Should the problem persist, notify

the proper personnel to check the X Y station card. VOR,',LS card, and the
sine/cosine inverters.

4. ILS Stations.

Step 1. Identify two stations which are to he used for instrument landings on the
navigational chart, and note the frequencies and code call letters of each station
It is not necessary to program the ILS stations, if they ,re not necessary for a
specific flight plan.

9.9
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Step 2. Connect the desired station frequencies to the appropriate pin numbers.
Refer to VOR stations Steps 2 and 3.

Step 3. Connect the desired Morse code letters to the appropriate pin numbers.
Refer to VOR stations Step 4.

"itep 4. Select each frequency with the Navigational Tuning Head to check the aural
presentation of the Morse code identification calls, Refer to VOR station
Step 5.

Step 5. With the X.Y recorder on and the chart correctly positioned, locate ILS station 1.
Step 6. Check the Low Altitude Instrument Approach plates and obtain the runway heading

for ILS station 1.
Step 7. Correct the runway heading by the amount of magnetic deviation in order to

obtain the runway bearing in reference to true North. For example, a runway
heading of 1530 and a magnetic variation of 30 E makes the true runway
bearing 1500. Always subtract the East variation and add the West variation.

Stcp 8. Obtain the sine and cosine values for the true runway bearing.
Step 9. Multiply the sine and cosine values by 10,
Step 10. Select ILS station 1 on the Navigational Tuning Head,
Step 11. Slew the aircraft to the middle of the appropriate runway.
Step 12. Connect a DVM to the ' plug for aircraft X-position and record the voltage.
Step 13. Connect the DVM to the Plug for aircraft Y-position and record the voltages,
Step 14. Connect the DVM to the plug VOR X-position.
Step 15. Set the X-pot for ILS station 1 to the same voltage obtained from Step 12,
Step 16. Connect the DVM to the * plug VOR YVposition.
Step 17. Set the Y-pot for ILS station 1 to the same voltage obtained from Step 13.
Step 18, Connect the DVM to the " plug ILS sine,
Step 19. Set the sine pot for ILS station 1 to the sune value obtained in Step 9.
Step 20, Set the cosine pot for ILS station 1 to the cosine value obtained in Step 9.
Step 21. Repeat Steps 6 through 20 for station 2.

NOTE: The middle marker and outer ma,'ker beacon signals are automatically computed
in the GAT .1 circuitry from the station location and runway bearing, The outer marker
its set at 6 nautical miles from the station, while the middle marker is set at 2.26 nautical
miles. The aural presentation of the outer marker is a 400 Hz signal m the
form of dashes and the middle marker is a 1300 Ht signel in a series of alternate dots

and dashes.

5. ILS Progremming Check.

Step 1 Select ILS station 1 on the Navigational Tuning Head,
Step 2. Slew the GAT -1 so that it is on an approach path to the appropriate runway.

The VOA.9 instrument should read TO station, the glide slope indicator should
show a fly-up condition if in range of the navigational system, and the glide
slope OFF flag should disappear.

Step 3, Slew the GAT along the approach pathway Monitor the LEFT-RIGHT and the
glide slope indicator to see if the proper needle readings are obtained, The

LEFT RIGHT needles depend on the aircraft location while the glide slope
indicator should always read fly up. Approximately at 6 nautical miles the
outer marker should become dctive and the middle marker at 2 26 nautical miles.
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Step 4. Slew the GAT to the middle of the runway. The glide slope indicator
should level and the glide slope OFF flag should appear.

Step 5. Slew the GAT past the station. The glide slope indicator should be OFF
and the course deviation needle should reflect aircraft location in respect to

the radial.

6. ADF Stations.

Step 1. Identify four ADF stations on the navigation chart and note the frequency

and code call letters of each station. It is not necessary to program all

stations.

Step 2. The Morse identification call for each station must be programmed on the

ADF card, Connect the desired Morse code letter to the appropriate pin

numbers designated in Table 9.1, The placement of the jumper cards on the

ADF card should be done by qualified personnel.

Step 3. Turn knob on the ADF.31 panel to REC and the volume knob counterclockwise.

Step 4. Turn ADF Tuning Head to the desired frequency for station 1.

Step 5. Turn station 1 tuning pot on the NDB Programming Module until the Morse

code identification call can be distinctly heard. The tuning needle should

have maximum deflection to the right,

Step 6, Detune ADF, then return. Adjust the NDB tuning pot if necessary.

Step 7. Repeat Steps 4, 5, and 6 for stations 2. 3, and 4.

Step 8. Locate ADF station 1.

Step 9. Slew the aircraft over the direct center of the radio beacon,
Step 10. Connect a DVM to the ' plug for aircraft X.position. record the voltage,

Step 11. Connect the DVM to the plug for aircraft Y-position, record the voltage.

Step 12. Connect the DVM to the plug for ADF X-position.

Step 13. Set the X.pot for ADF station I to the same voltage obtained in Step 10

for the aircraft X position.

Step 14. Connect the DVM to the * plug for the ADF Y position.

Step 15. Set ttje YVpot for ADF station 1 to the same voltage obtained in Step 11

for the aircraft Y-position

Step 16, Repeat Steps 9 through 15 for each of the ADF stations.

7. ADF Programminq Check.

Step 1. Tune in ADF station 1

Step 2. Slew the GAT 1 due North of the station

Step 3. Check to see that the correct tuning shows a maximom deflection of the

tuning meter.

Step 4. Check the Morse code identification call

Step 5. Set the directional gyro to 1800 LTurn master switch ON. ignition ON. push

in throttle to gain airspeed and ENERGIZE the yaw motion switch. Use the

rudder pedals to change the ,aircraft to a 1800 heading Shut OFF the yaw

motion switch.]

Step 6. Set the radio comoass to 180• The ADF indicator should he in a true verticl
position with the needle pintoiqg to 1800 Be turp to account for the magnetic

deviation of the pro(Irammed ,area Refer t) Part B. Special Note, under
Programming Procedures
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Step 7. Depress the pushato-test button on the ADF panel. The ADF indicator
should rotate approximately 120 degrees counterclockwise.

Step 8. Slow the aircraft due South of the station. The ADF indicator should be
pointed to 00.

Step 9. Slew the GAT 1 due Wett of the station. The ADF indicator should point
E ast,

Step 10. Slew the GAT -1 due East of the station. The ADF indicator should point
West.

Step 11. Repeat Steps 4 through 10 for each ADF station.
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Stop 4. Slew the GAT to the middle of the runway. The glide slope indicator
should level and the glide slope OFF flog should appear.

Step 5. Slew the GAT past the station. The glide slope indicator should be OFF
and the course deviation needle should reflect aircraft location in respect to
the radial.

6. ADF Stations.

Step 1. Identify four ADF stations on the navigation chart and note the frequency
and code call letters of each station. It is not necessary to program all
stations.

Step 2. The Morse identification call for each station must be programmed on the
ADF card. Connect the desired Morse code letter to the appropriate pin
numbers designated in Table 9.1, The placement of the jumper cards on the
ADF card should be done by qualified personnel.

Step 3. Turn knob on the ADF.31 panel to REC and the volume knob counterclockwise.
Step 4. Turn ADF Tuning Head to the desired frequency for station 1.
Step 5. Turn station 1 tuning pot on the NDB Programming Module until the Morse

code identification call can be distinctly heard. The tuning needle should

have maximum deflection to the right.

Step 6. Detune ADF, then return. Adjust the NDB tuning pot if necessary,
Step 7. Repeat Steps 4, 5, and 6 for stations 2, 3, and 4.

Step 8. Locate ADF station 1.
Step 9. Slew the aircraft over the direct center of the radio beacon,
Step 10. Connect a DVM to the * plug for aircraft X-position; record the voltage,

Step 11. Connect the DVM to the * plug for aircraft Y-position; record the voltage.
Step 12. Connect the DVM to the * plug for ADF X-position.
Step 13. Set the X-pot for ADF station 1 to the same voltage obtained in Step 10

for the aircraft X-position,
Step 14. Connect the DVM to the * plug for the ADF Y-position.
Step 15. Set the Y-pot for ADF station 1 to the same voltage obtained in Step 11

for the aircraft Y-position.
Step 16. Repeat Steps 9 through 15 for each of the ADF stations,

7. ADF Programming Check,

Step 1. Tune in ADF station 1,
Step 2. Slew the GAT-1 due North of the station.
Step 3. Check to see that the correct tuning shows a maximum deflection of the

tuning meter.
Step 4. Check the Morse code identification call.
Step 5. Set the directional gyro to 1800, (Turn master switch ON, ignition ON; push

in throttle to gain airspeed: and ENERGIZE the yaw motion switch, Use the
rudder pedals to change the arcraft to a 1800 heading. Shut OFF the yaw

motion switch.]

Step 6. Set the radio compass to 1800. The ADF indicator should be in a true vertical

position with the needle pointing to 1800. Be sure to account for the magnetic
deviation of the programmed area. Re•fer to Part B, Special Note, under
Programming Procedures.
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Step 7. Depress the push-to-test button on the ADF panel. The ADF indicator

should rotate approximately 120 degrees counterclockovise.

Step B. Slew the aircraft due South of the station. The ADF indicator should be

pointed to 00.
Step 9. Slew the GAT-1 due Weet of the station. the ADF indicator should point

East.
Step 10. Slew the GAT-I due East of the station. The ADF indicator should point

West.
Step 11. Repeat Steps 4 through 10 for each ADF station,

S12ii
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GAT-1 SIMULATOR

The information in this section should be supplemented, for purposes of
troubleshooting mechanical or e:ectrical problems, by manuals provided by
the manufacturer. Detailed information on the trainer can be found in the
three GAT-1 manuals located in the VDS facility. These manuals are
entitled Operations and Maintenance Manual, Detail Circuit Description, and
GAT-1 Schematics.

Several part arrangements which are important to the contents of this manual
have been included for reference. Figure 10.1 depicts the location of the
circuit boards in the card bin. Table 10-1 gives the pin assignments for the
circuit boards. Figure 10-2 illustrates the cockpit instrument panel followed
by a description guide in Table 10-11. Other part layouts for the GAT-1
which have been included elsewhere in the manual are as follows. Figure
8.1 in Section VIII, depicts the flight parameter controls for the trainer
which are located on the Supervisor's Console. These coaitrols were initially
on the instructor's panel located on the side of the GAT-1. Figure 9-1
in Section IX illustrates the panel layout of the Navigational Area Programming
Panels. These panels are a modification of the GAT-1 and have been added
to the circuitry for readily programming the navigational systems. Location
of other major parts can be found in the Operations and Maintenance Manual
and the internal cable assembly for the trainer are depicted in the GAT-1
Schematics manual.

10-1
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J25 633739 Power Amplifier (Pitch)

J24 633739 Power Amplifier (Bank)

J23 633739 Power Amplifier (Turn)

J22 633745 Attitude

J21 633713 Time Division

J20 633743 Relative Wind

J19 633737 Altitude

JIB 633715 Engine

J17 Blank

J16 633733 Engine Sound

i1 633711 Rough Air

Sparie

Sparm

Spare

Spare

J10 633721 Marker Beacon

i9 633723 VOR/ILS

is 633749 Glide Slope

J7 633714 Master Logic

J6 633712 X -Y Aircraft

35 633731 ADF

34 633735 Code I D.

J3 633735 Code ID,

J2 633727 X-Y Stolion

J1 633729 Communication

Figure 10-1, GAT-1 Card Bm Layout
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Table 10-1

GAT-1 Circuit Board Pin Assignments

V 43

X 42

W 41

V 40

U 39

T 38

S 37

R 36

P 35

N 34

M 33

L 32 When facing the rear of the circuit card installation,
.hese numbers reflect the pin configuration of printed

K 31 circuit card connectors except for the Power Regulator
and Paddle Boards. The Power Regulator (J27) is

J 30 numbered in reverse order with A-1 at the top. The
H 29 flight Paddle Boards J39 and J36 are numbered A--1

through R-36 with A-1 at the left, The radio aids
F 28 Paddle Boards J11 and J29 are numbered A-1 through

Y-43 and A-1 through §-36, respectively, with A-1
E 27 at the right.

D 26

C 25

B 24

A 23
z 22
Y 21
X 20
W 19
V 18
U 17
T 16
S 15
R 14
P 13
N 12
M 11
L 10
K 9
J 8
H 7
F 6
E 5
D 4

C 3
B 2
A 1

10-3
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Table 10.11

INSTRUMENT PANEL DESCRIPTION GUIDL

Index No. Part

1 Time Lapse Meter
2 Clock
3 Middle Marker Indicator Light

4 Outer Marker Indicator Light
5 Turn & Slip Indicator
6 Airspeed Indicator
7 Directional Gyro
8 Attitude Gyro
9 Rate of Climb Indicator

10 Altimeter
11 VOR.ILS.Glide Slope Indicator
12 ADF-31A Control Panel
13 MARK 12A Control Panel
14 Distance Measuring Equipment
15 Air Mixture Control
16 Throttle
17 Carburetor Heat Control
18 RPM Indicator
19 Engine Cluster
20 Instrument Lights Control
21 Ignition
22 Master Switch
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CAUTIONS

A. Motion switches for roll, pitch, and yaw must be off before turning the trainer on or off.
S. A tire screech sound must be audibly present when the trainer is initially turned on. If

not, turn system off and locate problem.
C. Trainer power must be turned off prior to removing or replacing components.
D. DO NOT put hands or tools on the back of the fixed base power entrance plate without

disconnecting the power plug to the trainer.

E. Do not rotate the GAT horizontally unless all cabling to the Supervisor's Console has been

disconnected and the heading pots R1,R2 assembly has been moved.

II. TURN ON PROCEDURES

A. GAT 1 POWER ON

1, Roll, Pitch, and Yaw motion switches OFF,

2. Turn Key ON.
3. Push red power button. The tire screech must be audible when the trainer is

turned on. If not, quickly turn power off and notify proper personnel.

B, ENGINE ON

1, Insure that the parking brake is on (aft position).

2. See that the CARS HEAT control is OFF (forward position)

3. Crack the throttle (push forward slightly).
4. Turn the MASTER switch to ON.

5. Set the MIXTURE control to its full rich position (forward position).

6. Start the engine by setting the IGNITION control to the START position

momentarily and returning it to the BOTH position. The tachometer should
indicate 550 ('30) rpm.

C. PRE FLIGHT CHECK

1. Check OIL PRESSURE, OIL TEMPERATURE, CYLINDER HEAD TEMPERATURE,

and FUEL gauges to insure that all needles are in the green regions If not, adjust

the controls on the Supervisor's Console.

2. Set the altimeter barometric pressure readhnq to 3000 by adlusting the knurled knob

on the indicator.
3. The altimeter should read zero feet. If not. adlust the FIELD ELEVATION control

on the Supervisor's Console
4. Insure that the CENTER OF GRAVITY control on the Supervisor's Console is set

to 25%, GROSS WEIGHT to 1600 lbs. OUTSIDE AIR TEMPERATURE is set

to standard. WIND VELOCITY is set at 0 knots (turned fully counterclockwise)
and the ROUGH AIR is OFF.

b. If the X.Y recorder is to be used, place the ON/OFF switch ON and turn the

mode switch to NOHM

NOTE For takeoff procedure, refer to GAT I Fliqht Chock Part A U nerq, o

the pilch, roll, and yaw motion switchi's fnf fliqht

106



III. SHUTDOWN PROCEDURES

A. PILOT INSTRUMENT PANEL

1. Pull PARKING BRAKE aft.
2. Adjust the throttle to idle.
3. Set the Mixture control to full lean.
4. Sot the IGNITION switch to OFF.
5. Set the MASTER switch to OFF.

B. RECORDER CONTROL PANEL

1. At the recorder control panel, turn the MODE switch to the ZERO position.
2. Place the ON/OFF switch to the OFF position.

C. POWER PANEL

1. Deactivate the three motion switches (Pitch, Roll, and Yaw). Always deactivate
these switches before turning power OFF.

2. Depress the POWER button to OFF.

3. Turn the key.lock switch OFF.

IV. ATTITUDE GYRO REALIGNMENT

A. Occasionally, the indicated bank angle denoted on the attitude indicator gets out of
synchronization with tte true bank angle of the aircraft. There are four different ways

to resynchronize the indicated bank angle. These procedures are presented on pages 110
and 111 in the GAT-1 Detailed Circuit Description Manual. The best method for personnel
of limited skill is as follows:

Step 1. Roll, Pitch, and Yaw motion switches OFF.
Step 2. Red power button OFF.
Step 3. Disengage bank motion brake solenoid pin flange by pressing the spring beck

just enough for the flywheel to turn. Allow trainer to bank in direction
which agrees with the indicator. It may be necessary to initially control the
flywheel manually. If the brake is completely released, the flywheel wiU spin
rapidly. Watcrh fingers or tools.

Step 4. Release spring on the solenoid pin flange at the appropriate bank angle.
Step 5. Insure that all motion switches are OFF.
Step 6. Turn red power button ON.
Step 7. Turn bank motion switch ON.
Step 8. Check to see that the bank angle on the indicator returns to zero with the

bank angle of the aircraft leveling. [It may be necessary to repeat the above
steps several times to properly synchronito the indicated bank angle and the
true bank angle of the aircraft.!
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B. To pievent dsjnchronization of the indicated bank ingle, always land the trainer and
shut all motions switches OFF before truning trainer power off. In addition, make sure
the cockpit is level before turning the trainer ON. Use the above procedures to level
the aircraft.

V. MODIFICATIONS

A. HEADING

1. Pots R1,R2 and related syncho assembly have been relocated to the side of the
motion based system.

2. The heading V-belts have been disconnected thus preventing actual yaw motion of
the aircraft. Both the instrument indicators and heading calculations of the system
remain sensitive t, pilot control.

3. A brace added to the fixed base system secures the motion base system in a
permanent position.

B. INSTRUCTOR'S PANEL

1. With the exception of the three motion switches, the turn key, and push power
button, the instructor's panel has been relocated to the Supervisor's Console. See
Figure 8-1 m Section VIII for the panel layout.

2. The field elevation switch has been replaced with 10 turn, 10K potentiometer,
Calibration of this signal is presented in Section VI, Analog Signals.

3. The wind direction potentiometer has been rewired •o that Pin 2 on the sine/cosine pot

is connected to J6-41 (.Vw Cos . w); and Pin 4 is connected to J6.15 (.Vw Sin w).

C. ADF CIRCUIT BOARD (633731E)

See Section IX, Navigational Area Programming flanels, for the modifications,

D. X Y STATION CIRCUIT BOARD (633727E)

See Section IX, Navigational Area Programming Panels, for the modifications.

F DME

1 A digital voltmeter, which serves as distance measuring equipment (DME) from

VORILS stations, has been added to the cockpit instrument panel below the
MARK 12A Unit,

2 The input to tht OME comes from J9 24 (VOR/ILS Card, 633723E),
3 A potentiometer, located in the nose of the aircrmit. is used for adjustment of

the input signal
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F, REPEATER GAUGES AND ANALOG INPUT TO PDP S/e

1. Five gauges have been mounted on the Supervisor's Console to monitor altitude,

indicated airspeed, rate of climb, heading, and VOR/ILS deviation of the aircraft
during flight. Sianal input for the gauges originate from the GAT-1. See
Figure 8-4 in Section VIII, Supervisor's Console, for the wiring diagram.
Detailed information concerning these signals can be found in Sectioln VI.
VDS Analog Signals and Section III, VDS Computer Configuration.

G. TERMINAL BOARDS

1. Additional terminal boards 1, 2, and 3 have been attached inside the tail section
near the instructor's panel. These boards serve as junction points in the GAT-1
for connecting the cabling of the instructor panel controls located on the Supervisor's
Console to the GAT-1 circuitry at J41 and P32. Sea Figure 8.5 in Section VIII,

Supervisor's Console, for the wiring diagram.
2. Terminal board 4 has been attached to the chassis on the closed side of the card

bin. This board serves as a junction point in the GAT-1 for the heading, rate
of climb, and VOR/ILS deviation repeater gauges on the Supervisor's Console, Se.
Figure 8-4in Section VIII, Supervisor's Console, for the wiring diagram.

V1. GAT-1 CALIBRATION TEST PROCEDURES

The following instructions provide step-by-step procedures to calibrate the GAT-1. Only qualified
personnel should do the testing.

Step 1, Remove all the printed circuit boards from the upper level of the card bin.
Step 2. Turn the GAT-1 electrical power ON.
Step 3. Check fans.
Step 4. Check the +15 VDC (El0), .15 VOC (E9), +3.6 (ES), and 26 VDC 400 Ht (J28-, 7)

power sources. See System Diagram Al.
Step 5. Adjust the power supplies as needed. See System Diagrams A3.1. A3.2, and A4, If

the ± 15 VDC power sources need adjusting, set ÷15 VDC first, then 15 VDC.

Step 6. Adjust the following:
System

At Adjust For DIaqram

J21.38 Roll Sine/Cosine Pot R2 on motion .15 VDC 16
base.

J22.30 Roll Sine/Cosine Pot R2 on motion 0 VDC 16
base.

J22-21 Pitch SineCosine Pot R3 on motion 0 VDCO 15, 18

base (+ up. down).
J22-24 Elevator Pot R4 on shelf in aircraft 0 VDC at 00 15

nose (+ up, down).

J22.31 Aileron Pot R5 on shelf in aircraft 0 VDC at 00 16

nose (+ left, r•ght).
J22-16 Rudder Pot R6 in aircraft nose under 0 VDC at 00 17

flooring I + left, right)
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System

At Adj.,t For Dlag~'am

J22-26 Elevator Trim Pot R12 in aircraft 3.5 VDC at 0° 15

nose on trim tab (+ up, - down)
J22-Y Center of Gravity Pot on Super. 0 VDC at 25% 15

visor's Console (+15V, 35% -15V.
15%)

J20-19 Outside Air Temperature Pot on 0 VDC at STD 10
Supervisor's Console (+15V, .500;

•15V, 5°)O
J20-H Grow Weight Pot on Supervisor's 0 VDC at 1600 lbs. 11

Console (+15V. 2100 lbs,. .15V.
1100 l b.)

J19-42 Barometric Preesure Pot on Super- 0 VOC at 30" 13

visor's Console (+15V, 31", -15V,
29"). This VDS analog signal
is calibrated in Section VI,
Part III,)

J18-13 Air Mixture Pot R1 on shelf in +10 VDC for Full 7
aircraft nose (AFT, Cutoff, +15Vý Rich
FWD, Rich, *10V)

J.1817 Carburetor Heat Pot R3 on shelf 0 VDC at Off 7
in aircraft nose (AFT, On, .5V,
FWD, Off, 0 V)

J18.27 Throttle Pot RI on shelf in air. 0 VDC at 2460 7

craft nose (AFT, 550 RPM. 4V:
FWD, 24600 RPM, 0 V)

"NOTE For most VDS experiments, the GAT--1 should have a slight
nose down conditivn in order for the subject to view the entire screen.
Therefore, J22,21 should be -287 VDC.

Step 7. Turn the GAT -1 OFF.
Step 8. Insott X.Y Aircraft (J-6) and Relative Wind (U.20) circuit boards.
Step 9. Put switch 1 and switch 2 on the X.Y aircraft cird in a downward position.

Turn the GAT-I ON: adjust the following
System

At Adtjus!_ For

J6.S Wind velocity Pot on Supervisor's +10 VDC at 100 22.2
Console knots, 0 VDC at

0 knots

Step 10. Set the wind velocity Pot to maximum, Adjust the following:
System

At Adjust For DOjram

J615 Wind direction Pot on Supervisor's 0 VDC at North 22-2
Console +10 VDC at East

Step 11 Put the switch on the Relative Wind Card in a downward position. Adjust
Pot R66 on the card for a 100 MPH indication tin the airspeed indicator
Adlust the following
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System

At Adiust For Oitam

JS-18 Heeding Pot R2 located on the 0 VDC for North 22.2
motion baw or synchro on beck 0 VDC for South

of the cockpit directional gyro - 10 VDC for East
iodicator +10 VDC for West

J5-H ADF Heading Pot RI located on 0 VDC for North 31-1
the motion base or synchro on the 0 VDC for South
cockpit ADF tuning panel radio - 10 VDC for East
compass indicator +10 VDC for West

Use the following method to change the heading of the aircraft.
Energite the yaw servo system. Set the Directional Gyro Indicator
to the desired heading using the rudder controls. (Airspeed is
required to enable the yaw servo system.) When the heeding
indication is reached, shut down the yaw servo system and record

the voltage

Refer to the haoding calibration table in Section Vi, entitled VDS
Analog Signals, Part Ill. Do not adlust Pots RI and R2 unless
a#bolutely necessary. If the pots are changed, new calibration tables
for heading and airspeed will be required. In addition, the computer
calculations of the analog signals must be checked since programming
changes may be necessary See Section VI, Part VI, Calibration
Check with the Computer Program,

Step 12. Readlust Pot R66 on the Relative Wind card for a 0 MPH indication and return
the switch on the card to an upward position. Turn the yaw servo system OFF.

Step 13. Turn the GAT -1 OFF; insaert the remaining flight and radio aid circuit boards in
the card bin; and, turn OAT -1 back ON. The tire screech sound must be present
when the trainer is initially tUrned ON.

Step 14, Determine if the altitude card (J19) is the original circuit board or the new one,
Diagrams 13.1 and 13.2 denote the difference in the AR3 op-amp circuit for the
two boards.

For the new card, set the aircraft off the ground, [The altitude of the aircraft
can be manually controlled by the pushbutton switches on the outside edge of the
altitude card. The blue and green buttons, respectively, increase and decrease the
altitude iasndicated on the altimeter. To freeze a partscular altitude, place the

toggle switch above the pushbuttons in a downward position. I Adlust the following
with the aircraft at 100 feet altitude and a ero indicated rate of climb (0 VDC at TP2).

System
At Adjust For DOiVAm

J19-TP3 Pot R71 (toggle switch should be zero drift on 132
down) altimeter

J19TP3 Pot R72 (toggle switch should be tero drift on 13 2
up) altimeter

For the old card, set the aircraft at 100 feet and a itro indicated rate

of climb, as per instructions above.
System

At Adjust For Diagram

J19 TP3 Pot R71 (toggle switch should be zero drift on 13 1
up) alitimetsr

Step 1 Return the aircraft to ground level
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Step 16. Determine if the attimude card (W22) is the original card 4I&3745E) or the new

coed (8633745E). Diagram 17 denotes the addit~onal potentiometers on the '""

coed. Eneigize t pitch motion system. Fly the GAT-1 to 300' and level off,

Obtain a cruise airspeed (115 MPH, 2600 RPM). Switch pitch motion OFF at

pitch angle holding zerovertical speed (U19.43). May need to adjust t"m tab to

maintain zero vertical speed. Check for zero rudder deflection into J22-16; zero

side slip angle into J22-15; zero rough air input into J22.13 and 14; zero bank

angle at J22-30; and zero VDC at TP.13. Turn the yaw motion switch ON. For
both cards, adjust the following:S

System

At Adiust For Diagram

J22.TP6 Pot R110 zero rate of turn 17

For the B Card, Adjust the following

J22-TP1O Pot R57 (if the physical motion of zero trainer rotation 17

the yaw system is operational)

Energize all motion systems. Flv trainer in a level turn, bank angle 150 (Needle at

doghouse)
System

A .AdLu!it For Diagram

Pot R 112 (CW to increase turning Turn Rate of 3600 1?

rate) two minutes (3 0 /sac) 17

Step 17. Put the OAT -1 on the ground and turn the motion systems OFF.

Step 18. Place the toggle switches on the X-Y Aircraft Card in a upward position. With zero

aircraft velocity 1.120-12) and zero wind velocity (J6-39) adiust the following:

System
At. AdLj!_ For Diqram

.1643 Pot Re zero drift of 22.2

or TPI aircraft location

Y axis
J6.19 Pot R16 zero drift of 22-2

or TP2 aircraft location

on X axis

Step 19. Turn the X.Y recorder ON. place the mode switch on NORM.

Step 20. Slew the aircraft via the N--S, E W switches on the recorder to 0 VOC on the

E .W axis (J1-1i9) and on the N-S axis (M1643). If the recorder pen does not go

to the recorder center, mechanically adjust the drives.
Step 21 Slew the aircraft on the E-axis until the voltage at J16-19 or TP2 is +5 VOC If

the pen on the recorder has not traveled 3.75 inches from the center on the E-axis,

adiust P8 on the E W servo amplifier (system Diagram 23.2) until the pen does

travel to this r,)int,
Step 22 Slew the aircraft on the N-axis until the voltage at J643 o'r TP1 is +5 VDC.

Following same procedure as above, except adlust Re on the N-S servo amplifier.

of necessary.
Step 23 Put the toggle swltcnes on tie X Y Aircraft Card in a downward position
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Step 24. Adjurt the following:
System

At AdJust For _Diaam

J16-34 Pot R9 2V P/P 8-2

Pot R25 agreement of 8-2
engine sound
and RPM

Step 25. Check and adjust the five 400 Hz sine/cosine inverter cards (System Diagram 36),
These cards are located on the VOR/ILS 1J9), Glide Slope (J8), and ADF (J5)
cards. Adjust each sine/cosine inverter card in the Al slot (top) of the VOR/ILS
card (J9).

1. Tune in any VOR station.

2. Sync scope on J7.TP9, fifth TP from the top.
3. A trace on J7-TP11, third TP from the top.
4. B trace on J9-TP10 (scope input set at high gain for best sensitivity).
5. AC digital voltmeter on J9.TP10.
6. Adjust the gain (middle pot, R9) to obtain 2.5 voc RMS (7.07 v P/P) at

TP10: adjust phase (bottom pot, R14) so the zero cressing of the sine wave
and square wave occur within 2 P, sac, of each other, adlust the balance (top
pot, R15) so the plus and minus zero crossing of the sine wave occur at the
zero crossing of the square wave, Alternate all three pot adjustments to obtain
these results as some interactions may Wcur.

7. Intercmlnge sine/cosine inverter cards and check next card placed in the Al slot

NOTE: The Al slot is used because A1.D and J are grounded and typicalty AI1F
input is close to .10 VDC and A2-A input is 0 VDC. If the magnetic deviation
on the VOR/ILS Programming Module has been set for Other voltages, these will
need to be changed so that the cosine value is .10 VOC and sine value is 0 VDC.

Step 26. To check the VOR/ILS Navigational Systems use Table 911 from the section entitled
Navigational Area Programming Panels, Select each station with Navigational Tuning
Heads, the knob on the right panel of the MARK.12, and check the Morse code
identification calls. Be sure the volume has been turned up and the IDENT

button pulled out.
Step 27. Check the VOR/ILS station location voltages and adjust, if necessary IUse the

X. and Y.Iocation plugs on the Voltage Monitoring Panel, The station being checked
must be tuned in on the MARK.12 panel. Adjustments are made on the VOR ILS
Programming Module.!

Step 28, Check the magnetic variation voltage and adjust, if necessary [Use the ILSsine

and ILS-cosine plugs on the Voltage Monitoring Panel A VOR station must be
tuned in on the MARK 12 panel Adjustments are made on the VORILS Programming
Module. I

Step 219 Select a VOR station on the Navigational Tuning Head Slew the aircraft within
range of the station via the switches on the XVY recorder Set the OMNI beairing
selector (outer dial of the VOAg indicator) to 0' The course deviation needle
should indicate the correct direction to fly to the station with an aircraft heading
of North which has been indicated on the OMNI hearing selector The actual
heading indication of the directional gyro is irrelevant The TO OFF FROM flag

should indicate TO when flying toward a station FROM when flying from a

station. and OFF when abreast of a station
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Step 30. Slew the aircraft to *.ner 'ocations, particularly North, South, East, and West.
Check the course deviation n'edle and the TO-OFF-FROM flag.

Step 31. Repeat Steps 29 and 30 for each V/OR station.

Step 32. Slew the aircraft on a VOR station. Turn on the DME. Adjust DME pot in the

nose of the aircraft to read zero volts. (Should check X-Y aircraft location and
XVY station location voltages to see if aircraft is actually at station.]

Step 33. Select an ILS station on the Navigational Tuning Head, Slew the aircraft so that
it is on an approach path to the appropriate runway, The OMNI bearing selector

should not be functional. When in range of the navigational system, the course
deviation needle should indicate the correct direction to fly t9. the station, The
TO-OFF.FROM flag should read TO station, the glide slope indicator should show

a fly.up condition, and the glide slope OFF flag should disappear,
Step 34. Slew the OAT along the approach pathway. The course deviation needle should

reflect proper course deviations and the glide slope indicator should always read

fly.up. Approximately at 6 nautical miles the outer marker should become active
and the middle marker at 2.26 nautical miles. When the station is passed, the
glide slope OFF flag should appear and the glide slope indicator should center,

Step 35. Repeat Steps 33 and 34 for the other ILS station,

Step 36. Position aircraft on the approach pathway just before the OFF flag on the glide
slope comes into view.

Step 37. Adjust the balance pot (top) on the modulitor on the glide slope card IJ8) until
the glide slope needle is approximately centered, [To accurately check the glide

slope system, the trainer should be flown to se if the glide slope brings the pilot

down at approximately the right place on the runway.)

Step 38, Check the frequency and Morse code identification cal of each ADF station. [Turn
the ADF.31 panel to REC and the volume knob counterclockwise,) The tuning
meter should show a maximum deflection. If not, adjust the station frequency

potentiometer on the NOB Programming Module,
Step 39. Set the OFF.REC.ADF switch in the REC position, The ADF bearing indicator

should be inoperative and the presuto-test button ineffective.
Step 40. With the OFF.REC.ADF switch in the ADF position, press the push-to-test

button on the ADF panel. The ADF indicator should rotate approximately 120
degrees counterclockwise,

Step 41. Set the aircraft heading to 1800, Use the procedures in Step 11 to change the

directional gyro indication. Turn off the yaw servo system, Reset airspeed to
zero. Place toggle switch in upward position.

Step 42, Tune in an ADF station. Slew the aircraft due North of the station. Set the
radio comp.ss to 1800, The ADF indicator should be in a true vertical position

with the needle pointing to 1800, If it does toot, change the tynchro in the ADF
head. (Be sure to account for the magnetic deviation of the programmed area.,

Step 43, Slew the aircraft to other locations. The ADF indicator should point in the direction
of the tuned station When passing over station, the indicator should swing 1800.

Step 44. Repeat Steps 42 and 43 for each ADF station.

Step 45. Turn off the motion systems. Turn GAT -1 electrical power OFF.
Step 46. Check the GAT -1 Operation and Maintenance Manual, Section IV, for lubrication

and mechanical adlustments of the trainer.
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VII. FLIGHT CHECK

Card bin should be exposed and the motion switches activated,

A. TAKEOFF AND CLIMB

Prior to takeoff, ensure that the instructor's CG control is set to 25%,
Gross WT to 1600 lbs, and OUTSIDE AIR TEMP to STD. Check to
see if the nose of the aircraft is in the bottom quarter of the center
screens. With the trainer PARKING BRAKE set, the elevator trim wheel
in its neutral position, and the FLAPS switch UP, apply full power with
the throttle. The tachometer reading should increase to 2450 (-125) rpm.
Reduce the setting of the throttle until the tachometer indicates 1800 rpm.
Turn the ignition switch from the BOTH position to the R (right) position.
The tachometer reading should drop to 1700 (+3) rpm. Next, pulling the
carburetor heat control out should cause the tachometer reading to drop
to 1650 ('5) rpm. After completing the mag-drop check, return the
ignition switch to the BOTH position, and turn the carburetor heat off.
Release the PARKING BRAKE and observe the airspeed indicator. When
the indicator reaches a ground speed of 70 mph, steady back pressure on
the control wheel will cause the trainer to become airborne. The time
between the release of the PARKING BRAKE and the trainer reaching
an airspeed of 70 mph should be 16 (-3) seconds,

Motion in the pitch axis should become active prior to takeoff, and the
trainer should assume a nose-up attitude as indicated on the attitude gyro.
The rate of climb indicator and altimeter should also indicate that the
trainer is climbing. The initial indication on the rate of climb indicator
should be 620 (±30) ft/mir. The rate of climb should be accompanied
by appropriate changes in the altimeter readings.

During takeoff and climb, the ailerons, elevator, and rudder should be
used as required to hold a straight flight path. Continue to climb until
the trainer reaches a cruising altitude of 5000 feet, and trim out to level
flight.

NOTE: Be sure that the repeater gauges on the Supervisor's Console
are in agreement with the trainer.

B. LEVEL FLIGHT AND GLIDE

With the trainer properly trimmed at an altitude of 5000 feet and the
throttle at full power, the indicated airspeed should be 114 ('11) mph
and the tachometer indication should be 2700 ('14) rpm. Reduce the
throttle setting until the tachometer indication is 2600 rpm. The indicated
.i'fspeed should decrease to 107 (2) mph.
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Fly at 5000 feet and freeze altitude by activating the toggle switch on
altitude card J19. Adjust the throttle to obtain an airspeed of 69 mph.
The indicated rate of climb should be 580 (t50) ft/min. Return the altitude
toggle switch to its original position.

Trim the trainer at an altitude of 5500 feet and an indicated airspeed of
100 mph. Reduce the power to idle and turn the engine off. Permit
the trainer to pitch down to maintain its 100 mph speed. At an altitude
of 5000 feet, the simulated windmilling propeller should produce an engine
rpm of 650 (+32).

C. STALLS

Trim the trainer at 2500 feet with an airspeed of 70 mph. Cut the
power and use the elevator to maintain the trainer at 2500 feet, The
trainer should stall at an airspeed of 55 (,5) mph. Once the trainer has
stalled, release the controls. The trainer will pitch down, pick up airspeed,
and can then be restarted. Repeat the same conditions but with full flaps.
The trainer should stall at 45 mph.

increase power and bring the trainer back to an airspeed of 95 mph at
an altitude of 2500 feet. Pitch, the trainer up fully so that the attitude
gyro indicates maximum pitch angle. The trainer should begin to lose
airspeed. As the airspeed drops to 70 ('5) mph, the trainer should stall.
Release the controls to permit the trai er's nose to pitch down. When the
trainer airspeed increases sufficiently, restart the engine, level off, and increase
power to obtain an airspeed of approximately 115 mph.

D. COORDINATED TURNS AND SIDESLIP

Trim the trainer at an altitude of 1000 feet and an airspeed of 115 mph.
Initiate a turn using the ailerons and maintain zero sideslip by using the
rudder. Use elevator and power as required to maintain altitude and air.
speed. With a bank angle of 15 degrees, the needle in the rate of turn
indicator should be deflected two needle widths (in the "dog house"). With
zero sideslip, the ball in the indicator should be centered.

Repeat the coordinated turn at the same altitude, but at a speed of 60 mph.
Under these conditions, coordinate the rudder and elevator controls to produce
zero sideslip. At this lower speed, a bank angle of 8 (-3) degrees will
produce a "dog house" deflection in the rate of turn indicator.
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Trim the trainer at 1000 feet and maintain an airspeed of 115 mph.
Initiate a standard rate turn, banking as required to keep the ball centered
and the turn neeJle in the "dog house." Permit the trainer to turn through
360 degrees in this attitude, maintaining an airspeed of 115 mph and an
altitude of 1000 feet. The time required for a 360-degree turn should be
two minutes ('10 seconds). Repeat the 360degree turn in the opposite
direction. It should be accomplished in two minutes (410 seconds). During
the coordinated turns, the directional gyro should rotate smoothly through-
out the turn and return to its original reading at the end of the turn.

To check the sideslip characteristics of the trainer, trim the trainer straight
and level at an altitude of 500 feet. The toggle switch on the altitude
card (J19) should be actuated to freeze this altitude setting. Adjust the
throttle to obtain an airspeed of 105 mph and apply full left rudder.
Right aileron pressure should be applied to hold the wings level (zero
bank angle). Observe that the turn needle is in the left "dog house"
and that the ball is deflected approximately three-quarters ball width to
the right. Accomr'lish these procedures using full right rudder and left
aileron pressure to obsorve right needle deflection ("dog house") and left
ball deflection (three-quarters ball width). After completion of these
checks, return the toggle switch on the altitude card to its original position.

E. LANDING

After completing the preceding flight and engine tests, the trainer landing
should be made at an approach angle suitable for a light aircraft, and with
full flaps and medium power setting. Land the trainer and come to a
complete stop. Pull on the PARKING BRAKE for zero airspeed. Set the
FLAPS switch UP.

F. ELECORDER TRACING CHECKOUT

Position the cross-country map on the recorder surface to check out tracking.
Tracking is affected by trainer heading and speed during a simulated flight
as well as the wind direction and velocity control settings. Two facts about
the trainer and recorder which should be remembered when tracking the
flight path: the airspeed indicated in the trainer is different from the ground
speed which the recorder plots; recorder maps are scaled in nautical miles
rather than statute miles.

Set the WIND VELOCITY and DIRECTION controls for a wind of 35 knots
blowing due south. Fly the trainer at a speed of 70 knots (approximately
80 mph) at an iltitude of 1000 feet. Fly the trainer due east (i e., trainer
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heading of 090 degrees). For the specified conditions of velocity, heading,
and wind, the recorder will track o,, a course which is considerably south
of the trainer heeding; that is, the recorder trace will indicate a composite
heading between 090 and 180 degrees.

After observing the effects of the wind acting at right angles to the trainer
heading, fly the trainer or a course of 180 degrees at 70 knots. The
wind and trainer are now acting along the same heading. Record the time
necessary for the recorder to trace a given distance along this path. Next,
reverse the trainer heading, and fly on a heading of 000 degrees at 70 knots.
The time required for the trainer to fly the same distance against the wind
will be considerably longer.

Next, compare the time required to fly a certain distance with the trainer
flying on course 090 degrees and on course 270 degrees. The time required
to fly a given distance should be approximately the same in both instances,
and the resulting tracings will each be deflected south of the indicated
trainer heading.

Finally, check communications between the recorder and the cockpit by
utilizing the mUcrophone and headphones provided,
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PROJECTION SUBSYSTEM

PROJFCTION SCREEN

The screen for the VDS system is fabricated from 14 pairs of 1.21 x 1.21
meter (40 x 40 inches) Ektalite screens which have aluminum foil reflecting
surfaces cemented to a molded spherical support. The screens are mounted
in an array of two high by fourteen wide. Horizontal and vertical cuts were
made of the preformed Ektalite screens so as to allow them to abut and
form a section of a sphere of 4.57 meters (15 ft.) radius. The resulting
lateral dimensions of the upper screens are 100.84 cm. (39.7 in.) at the
top and 101.09 cm. (39.8 in.) at the bottom, and the lower screens are
101,09 cm. (39.8 in.) at the top and 97.08 cm. (38.2 in.) at the bottom.
The equator of the sphere is .540 below the center line of the upper
screens. The joint between the upper and lower screens fall below the
horizon of the design eye position. See Figure 11.1, The composite
screen extends 1760 in azimuth and 250 in elevation with respect to its
focal point. Aluminum fixtures are attached to the back of each screen
for holding them to each other and to the screen support structure.

The aluminum surface of the Ektalite screen is quite delicate. It is of
paramount importance to prevent dirt accumulation on the screen, Part-
icles that collect on the screen can damage the surface, and dust accum.
ulation will degrade the projected images. Cleaning procedures for the
screen are presented in Section XII, entitled Maintenance Procedures,

II. SCREEN SUPPORT STRUCTURE

This structure consists of columns, beams, hoops and staies. See Figure
11-2. There are nine columns set at intervals of 25.10 on the arc of a
circle. Base plates are welded to the columns and bolted to the floor.
Three short sections of aluminum beams are attached to each of the
columns. The depths of the beams correspond to the variation in the
radius of the sphere with latitude as projected in the horizontal plane.
Hoops are fastened to the beams, with each hoop spanning three columns.
The hoops are rolled to a cylindrical surface with the elements vertical.
Staves are attached to the hoops spaced by the width of each screen
panel. The staves are also rolled to a cylindrical surface, but with the
elements horizontal. At the equator, the tangent planes to staves are
vertical as are the elements of the middle hoop which is set at the
equatorial plane of the sphere. The upper and lower ends of the staves
are bent into veritcal planes to facilitate attachment to the hoops. The H
screens are held to the staves along their vertical edges and to each other
along the horizontal cut by fasteners attached to the back of the screen.
For research purposes, the screens are labeled one through fourteen,
with number one on the left side when facing the reflective surface.
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Ill. PROJECTION BOOTH

The projection booth is a wood frame, plywood construction, mounted on
eight pairs of steel pipe columns. The columns are arranged at intervals of
240 on two concentric circles. The outer columns support the floor of the
booth; the inner columns support both the floor of the booth and the pro-
jectors. Girders are welded and stiffened by gussets to the columns for sup-
porting the plywood flooring. The girders are sized so that the weight of a
person aligning the projectors will not produce a significant rotation of the
projectors. Plates which are gusseted are bolted to the floor for vertical
support.

Projectors rest on a supporting structure attached to plates welded on top of
the inner columns. The supporting structure inclines the axes of the projector
lenses downward so that the projected horizon is approximately at eye level.
This structure consists of a pair of rails, a pair of plate support angles, and
a projector plate for each set of four projectors. Slots are provided in the
projector mounting plate so that the projector to screen distance can be varied
to correct for tolerance in the focal length of the projection lenses.

Light in the booth is provided by seven fluorescent lights. A dedicated air-
conditioning system is required to regulate the temperature in the booth to
reduce the heat produced by the projectors, The air flow is first filtered and
then forced into the booth. An exhaust fan pulls the air from the booth at
a rate which maintains higher pressure inside the booth than outside. SPST
thermally activated switches are wired to the power contactor for the projector/
dissolve unit receptacles. When the temperature in the booth exceeds the
thermostatic setting, the power is automatically cut off.

IV. PROJECTION GEOMETRY

Figure 11.3 gives the projection geometry of the VDS in an elevation view.
The center of the spherical screen segment is at 0, nd the eye of rhe observer
is at point E, a distance of 30.48 centimeters (1 ft.) below 0. The film plane
of the projector is at the point 0, which is a horizontal distance j, 3.05
meters (10 ft.), from E and a vertical distance b, 1.34 meters (4.4 ft.), above
E. The radius of the screen from 0 is 4.57 meters (15 ft.). The point 0' on
the screen is on the equator of the sphere. Point A is the upper limit of the
projected field at a 100 angle above the horizon. Point B is the lower limit
of the proectyed field at a 100 angle below the horizon. The distance QH
is 7.74 meters (25.4 ft.), the distance QA is 7.62 meters (25 ft.), and the dis-
tance GB is 7.7 meters (25.5 ft.). The angle of QAB is 11.80. The dis:tance
EH is 4.57 meters (15 ft.).

The location of the projector gate is about 1.6% closer to the screen than the
distance which preserves angles between taking the pictures and protecting them.
The width of field of each camera is 12.940 or 1.6% more than the width
(if each screen. The two were brought into coincidence by placing the pro-
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jectors 1.6% closer which reduces t from 3.05 meters (10 ft.) to 2.93 meters
(9.6 ft.). Naturally, slight adjustments are made in this distance to correct for
tolerances in the focal length of the projection lenses and camera lenses.

V. VDS Photometric Data. (Data collected April 1973)

All measurements were taken with 7" FL, f:35Buhl lenses in the projectors. The
measures were taken with no slide in the projector gate except when indicated.

A. DIRECTIONALITY OF SCREEN

1. Measurements of directional reflectance for screen SC-7 when illumi-
nated by projector PR-7L on low, empty gate are illustrated in Figure
114. These measurements were obtained by displacing a photometer
along vertical and horizontal lines which intersect at the focal point
of the screen. The direction of the horizontal line vas normal to
the projection path.

2. Equipment: Luna-Pro with 7.50 FOV.

B. MUTUAL COUPLING

1. With all screens illuminated except the indicated one, the composite
mutual couplings are:

Off Illuminated Brightness of Luminance of Off Screen
Screen Screens Illuminated Screens Relative Absolute

SC-1 All Others 250 Ft,.-L 0.032 8.1 Ft.-L
SC-2 0.023 5.7
SC-3 0.020 5.1
SC4 0.023 5.7
SC-5 0.023 5.7
SC-6 0.020 5.1
SC-7 0.023 5.7
SC-8 0,023 5.7
SC-9 0.020 5.1
SC-10 0.020 5.1
SC-11 0.020 5.1
SC-12 0,026 6.4
SC-13 0.026 6.4
SC-14 0.036 9.1

2. The coupling from screen SC1 to each of the others is as follows:

a. Screen SC-1 illuminated by projector PR-1L on low, empty gate.

b, All other projectors off.
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Screen 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Luminance 250 035 006 o.18 0.7 3.2
IFtL)

Relative 0 0 0 0
Coupling .q

Smi•oth F unctionaI Behavior

C. FLARE

1. Screen SC-1 illuminated by PRI1L on low, empty gate.

2. Zone 2 and Zone 3 screen SC-2 illuminated by PR.1L lense flare.

SC-2 SC-1 Zone Z 1 Z2 Z3

L t1:1111ncoe 250o 16 .1S

9 -13z I IF1 L l

[•@~l~@ 1 0063 0 01

D. SCREEN LUMINANCE

1. Screen luminance for all projectors with empty gate.

* Lowest measure with projectors "low" . .... .. 232 Ft.L
* Highest measure with projectors "low" . 328 Ft.L

Lowest measure with projectors "high" ..... 328 Ft.L
Highest measure with projectors "high" .. .... .500 Ft.L

2. Apparent gain of screen.

Typically, with an illumination of 32 Ft..C, the luminance is
328 Ft.L.
With this illumination and a lambertian screen, the luminance
would be 32 Ft.L.
The apparent gain averages about 10.

3. Screen luminance with slides in projector gate.

Three slides with different scenes were selected. One had a water
background, one had a land background, and one was over the
clouds.
The luminance for upper half of the projectod images range
from 30 Ft.L to 52 Ft.L.
The luminance for lower half of projected images ranges from
14 Ft.L to 68 Ft.L.
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E. UNIFORMITY OF LUMINANCE OVER SINGLF %CRFEN

1. Projector lens was a 7" FL, f3:5 Buhl lens.

2. Projector on low with an empty gate.

Estimations based on several readings with Luna-Pro (7,50) and an
enlarging meter show a center-to-corner variation of 40 percent in
screen luminance due to vignetting in projection lens.

F. RESOLUTION (DATA COLLECTED AUGUST 197bj

1, SC.7 illuminated by PR.L.

2. Resolution Slide • USAF Resolving Power Test Target.

3, Results indicated that 20 line pairs per millimeter could be identified,
which is equivalent to .76 minute visual angle resolution with respect
to the design eye position

VI. PROJECTION EQUIPMENT

Fourteen pairs of Kodak Ektagraphic 35 mm slide projectors with 7" FL, f:3.5
Buhl lenses are used in conjunction with 14 Kodak Dissolve Controls, Model 2,
to illuminate each of the 14 contiguous azimuthal screen sectors, Each projec-
tor pair consists of an even and odd projector which are mounted on the same
plane atop the mounting plate in this projection booth. The even projector is
positioned on the right and the odd projector is positioned on the left as viewed
in the projection booth facing the screen. Projector pairs 1 through 7 illuminate
the right side of projection screen and 8 through 14 illuminate the left side of
the projector screen, The slope of the mounting plate inclines the axis of the
projector lenses down so that the projected horizon is approximately at eye level.
Adjustment screws which are a part of the Ektagraphic projectors are used to
adjust the angle of the prolectors. Slots are provided in the mounting plate so
that the projector-to.screen distance can be varied to correct for tolerances in the
focal length of the projector lenses. Once the projectors are aligned, they are
secured to the projection mounting plate by the tiedown block cemented to the
bottom of each prolector.

A dissolve unit drives each projector pair, fading the lamp intensity of one while
increasing the intensity of the other in order to maintain essentially constant
illumination. The dissolve units are remotely controlled by the PDP 8/e during
an experimental run by four control signals (SL ADV LFT, SL ADV RGT, SK
EVEN, and SK ODD). SL ADV LFT controls slide advanced of the 7 projector
pairs which illuminate the left half of the projection screen. SL ADV RGT con
trols slide advances of the 7 projector pairs which illuminate the right half of the
screen. SK EVEN controls slide skips in the 14 even projectors anod SK ODD
controls slide skips in the alternate set of the 14 odd projectors All four sig-
i1al inputs are provided by relay closures in the Junction Box which toggle a
s%'cond set of relays in the projetctit)in booth.
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The dissolve units can also be controlled by a remote control box which connects
at the back of the Supervisor's Console. This unit controls the relays in the
projection booth which drives the dissolve units. There are five control signals
(FWD, REV, SKIP, SL ADV LFT, and SL ADV RGT.) SL ADV RGT and SL
ADV LFT controls are the same as above. SKIP controls slide skip in the 14
odd or even projectors. FWD controls the slide advance of all 14 even projec.
tors while REV reverses the slide advance of all 14 "ON" projectors whether
odd or even to the previous tray position. For the FWD and REV controls to j
function properly, the dissolve unit and projectors must be connected so that the
bottom remote cord from the dissolve unit is plugged into the even projector.

In order for the dissolve units to drive the projectors, the lamp setting of the
projectors must be set on FAN and the main switch of the dissolve control unit
turned to the ON position. When the three motors are operating (dissolve unit
and two projectors), the lamp of one projector should be lit. When an electrical
impulse is given to the dissolve unit, the unlit projector changes the slide; e.g.,
the slide tray moves forward. Simultaneously, the lamp in the "lit" projector
fades out and the lamp of the "unlit" projector fades in,

The dissolve unit sequencing affects the manner in which the slides are put in
the trays. If the first slide is in the odd tray, slot one, and the second slide is
in the even tray, lot one, then the slide presentation must start with both trays
set at the starting position and the even projector lump on. For the VDS, the
projector trays have a 180 slide capacity. Under dissolve unit control, 360 slides
can be shown in a serial fashion.

All Kodak equipments are standard, off.the-shelf items. However, several mninor
modifications have been made to the equipment. First, the automatic focus of the
projectors has been disconnected. Secondly, aluminum blocks have been attached
to the feet of the projectors so that the angle adjustment screws are sensitive to the
required changes necessary for alignment, Care should be taken to see that the
lateral dimension of the projector is level and that the incline of the optical axis
is the same for all projectors for an image to be projected properly on the screen.

As mentioned previously, the dissolve units are controlled by a relay system via
the computer or the remote control box. The internal wiring of the dissolve unit
was modified for this control, Figure 11-5 depicts the internal wiring of the dis.
solve unit with the required modification and the computer remote cord receptacle
assembly which have been connected to the unit. The wiring of the relay junction
box to the dissolve units is shown in Figure 11-6. A 24 VDC power supply is
dedicated to the projection relay junction box.

Detailed information concerning the Kodak equipment can be found in the perti.
nent Kodak literature produced by the manufacturer. This information has been
bound together and placed in the VDS facility. Appendix C, Projection System
Preparation, gives detailed operating instructions for the VDS projection system.
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VII. PHOTOGRAPHIC STIMULI

Photographic stimuli wore collected by taking 35 mm slides from a photo-aircraft
of various radar controlled targets which wvze vectored to produce a variety of
intercepts at different relative headings, relative altitudes, and airspeeds, and several
different landing approaches. Seven single lens reflex Nikon cameras with Solih'or
105 mm f/2-8 lens were mounted on a vibration isoldted platform in the nose sec-
tion of a Piper Aztec. a twin engine propeller aircraft. The cameras wers mounted
in the left half of the ,ircraft's nose with the longer dimension of the transparency
vertical so that a photographic field of view of 900 in azimuth by 200 in ele-
vation was covered. Bulk backs, loaded with 33 foet of Kodach~ome II film, with
an ASA 25 film spetr were employed in order to film several intr'..Apth without
landing to change film in the cameras. During filming, the carneras were auto-
matically operated in unison every 10 seconds except for a few photographic runs
which used a 20-se-Lnd interval.

Typically, the target plane wais either a Musketeer or a Seachcraft aircraft.
Occasionailly, other ac.craft entered the fiminig area and were also photographed.
ihe radar controled minteicepts of the Musketeer or Beachcreft had a specific
flight plan while other aircraft were considered targets of opportunity. The flight
plans of the controlled intercepts in be found in Report No. CDC-JL.3 entitled
Phase II Photograph:c Flight Plan. This document, located in the VDS facility,
illustrates the collision geometry for each radar controlled intercept overlayed on
a map backro•und.

Witty!; any 3,Jfoot roll of film, several different intercepts were photographed.
These various itercepts aire referred to as runs. Most of the runs were done
more than once. Each of the 33-foot rolls of film taken from the seven air-
craft cameras represpnt collectively a set. A set, therefore, has several runs

dep)cted within it

Slides were formed form the rolls of film by cementing each transparency to an
individual slide glass which produced precise slide rogistration in the projector
gate. The edges and L:ornirs of the slide glass were ground
the slides from jamming in the projectors and to get adequate registrations.
Because of the varition in the thickness of the slide glass, which had a visible
effect on the shapnefs of the projected image, the slide glass was separated
according to thickness. All transparencies projected by ,o given projector were
mounted on the same thickness of glass. The unexposed edge of the film was
used to define th3 edge of the projected image in order to produce sharp edges
and the appropriate shape, Because of the projection geometry and spherical
screen, the typical rectangular image projects a trapezoidal figure with the sides
slightly curved which overlaps into the contiguous fields. This was corrected by
placing a thin beryllium uopper sheet with the appropriate tapered ipl.rture in
the focal plane of the 35 mm cameras. Although the edge of the film on the
slide glass def-ned the edge of the field. 1i1 aluminum mask was plaiced between
the edge of the exp4)sed *irr',o of the film ,aid the inner odge of the jxlflora.
tions in order to .liminate light passing through tho perforations .111d l)yond the
ed(es of the film t
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Since the photograph runs filmed only a 900 field of view. half of the slidm
within a run were reversed when mounted in order to poject on the right half
of the screen producing a 1800 field in azimuth. Slide to be project on the
right half of the saen were mounted with the emulsion side aomwy from the
slide glass; whereas, slidas to be projected on the left half of the screen were
mounted with the emulsion side of the transparency &mnst the slide glass. The
photographic landing approach runs were mounted for only a 900 field since the
altitude disparity was too great betwevn the first and second half of a run.

The aluminum masks are stamped with a six digit number which uniquely identi.
fies each slide. The first two digits of the slide number rfes to the set from
which the slide was taken. The third digit refers to the aircraft camera which
took that particular slide. The fourth digit indicates whether the slide is mounted
to be projected on the left or right side of the screen, whethar the slide was taken
from the first half of a particular run or the second half, or if the slide is part
of an approach s"quence. Tale 11-1 lists the specific numerical values and their
meaning for the fourth digit. The last two digits of the slid, number refer to
the slide sequence number for that particular set. Information relative to which
run the slide came from can only be determined by going to the set documenta.
tion where run information and slide sequence numbers are noted.

TABLE 11.1

Left Side Right Side Digit Meaning

2 0 First half of run

4 6 Last half of run

8 9 Approach sequence

It should be noted that the camera number need not correspond to the slide
projector number. This is due to the positioning of the aircraft cameras to avoid
photographic interference from the propellor on the left wing. The aircraft cameras
at the aft portion of the nose ;ection were positioned to take shots more forward;
whereas, the cameras in the midsection were aimed more aft. Slides taken from
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cameras 1, 2, 3. 4. 5, 6, and 7 correspond to projector pairs 7, 6. 1, 2, 5, 4,
and 3, respectively, for the left side of the projected field and 8, 9, 14, 13, 10,
11, and 12 for the right side of the projected field.

Slides within an individual tray must be mounted for the same projected area.
Since the emulsion side of the film is on a different plane, for the right and left
projected half of the field, resolution between the two differ%. In addition, the
film was mounted to a particular reference edge which was not changed when
reversing the mounting of the slides. As a result, the film is not positioned in
the same area for the two halves, which affects the position of the projected
image.

A. Set Documentation

The following piges contain the iet documentation which identifies each slide.
These data show the nuniher of slides mounted for the right and left side of
each run. the run number and the slide sequence numbers of each run.
Occasionally, the run could not be equally divided between the left and right
side mounting This is denoted as a single odd frame. The run ID number
with the exception of the last digit corresponds to the intercepts documented
in Report No. CDC JI 3. Phase II Photographic Flight Plan Most of the
photographic runs were done more than once. The last digit of the run ID
number indicates if this run was the first or second. Ptc photographic flight
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B. Target Slides

The following paes denote the slides of each run which have targets. These
data re broken down by right or left half of the projected screen with the
corresponding cemora and screen panel number.
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SET 2 NOTES

Maisk 3- 4s~ 1 -1 M, 2 5 16 7 14 3 Cairnera, N~umber
No.. 1 2 3 4 5 6 7 No. 8 9 10 11 12 13 14 PziihiINumber

20. T Run C--.1A

210 T

211 T

212

213 T

214 T

21 - -- -F ,-

215 T T

216 T

217T

218 T
219 T

224_ T Run I-1A1

22" 1 -T-
228T

229 n

23 T.. L4_ t . _ _ ..L, tRunC -1A2

"4+- TI._L__ l _ L--X---K..2379 __

of I I aI1 ' -1 I I F- -
240 7+T

241 T

_ -l IT 1 iI I_ ! t /
243T
245 1 1 11 ,L T r..- -F- -4.. .-----I

- _ _ 1-__ J I- "
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SET 3 NOIES

"" 4 1 6 b 2 1 p; 2 6 1 4 3 C.ii,,r.- Ntimber
Nn. 1 2 34 5 6 No 8 9 10 ]1 12 1.1 14 Fd1INumbolw

201 T RunG IA-

202 T_

203 .T _ . ... .. . .

20' T_

206 T.
207 9

209 T

T Sun K tAI

_ _• F . . .. . . . . . . . . .

111

:26 T

231 T ___t

232 I
233 _ýz i
-4 - 1 1 7

6 41 T Hum G IAt

642 T

643
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SET 3 (Cont'd) NOTES

Mask 3 4 2 1 Mask 1 2 ' Cautin Numbelr

No. 2 3 4 5 6j7 No. 8 9 10 11 12 13 14 Pdnel Number

I HunG IAI

64 1 T

241 -- 
- unk 1A2

243

244__ 
_ _ _

'45

-01 T NA API

H02 T T-r -____

. .... . .. ... ... . ...- _a -
•'_ _ ... . .. ____

HO'I

814 T

._ _:____l._____... .__.._L

ALVA

sit) T
Lr

HI
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SET 3 (Cont'd) NOTES

Mask 3 4 7 65 2 1 Mask 1 2 5 6 7 4 3 Camera Number
No. 1234567 No. 89 10 11 12 13 14 Panel Number

826 T

827 T

828 T

829 T

1147



SET 5 NOTES

Mask 3 4 7 65S 2 1 Mask 1 2 5 6 743 Camolra NumnberNo. 1 3 5 7 No. 8 9 10 111 34PaeNnv

____________This set h~is 'W~t befi,e chgck~d
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SET 6 NOTES

Mask 3 4 7 6 5 2. I Mask 1 2 5 6 7 4 3 Camera Number

No. 1 2 3 4 5 6 7 No. 8 9 10 11 12 13 14 Padiel Number
-- -1 -.. .. . - -

08 1 HtnC SAI

6 T_

610 T

611 T

612 T

613 T

614 T

6l,, T_______ __

616 T

617 T

618 T

619 T

620 T

630 T Hun C 6A3

631 T

6.32 T

633 T

634 T

W35 T

6,36

637

639 T

641
642 T

S643 T
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SET 7 NOTES

Mask 3 4 7 6 5 2 1 Mask 1 2 5 6 7 4 3 Camera Number
No. 1 2 3 4 5 6 7 No. 8 9 10 11 12 13 14 Panel Number

453 T Hun H 7AI

454 T

455 T

455 T Z

456 T

4f67 T

458 T

459 T

001 T K #3A.

002 T

Wj3 T

004 T

xy, T

(312 T 4ujn L 'C

C13 T

614 T

T

616 T

T t

.10 T - L 'Al•

,211T

212 T

:13 T T

214 T T

T ~A

.. 4 T

1 L I. .1
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-SET 7 (Contd) NOTES

Mask 3 4 2 6 5 1 1 Mt&A 1 2 5-6 4 3 Camer, Number
No. 1 2 3 4 5 6 ) No. 89 10 11 12 13 14 Panel Number

-
-- ._.

26T Hun' 0 W

227 1

-" 

-

-'' 
•- 

• -
---

:...I 

"'- 
= -J- 

-

-

.
- -

-
-; 

. . -
_ 

_ 
-

--- 
_ _
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7-7- SET 9 7-7 NOTES
Mask 73 4 7 6 5 2 - NOT ES

- - T5 2 -1 Mask 1 2 5 6 4 3 Camera Number
0.1 2 3 4 5 6 7 No. 10 JIN 13 ur r

No. 
fN 98 9 10 Panel N- 4 14 Panel - Number

.04 T
Run E 2AI

T

T -------------

207 T

T --------

T

110

---------- -------

.........................

---------------

-----------------
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SET 10 NOTES
" " '-7 - - ' ... -, -,-,_ -,-, ,-M~k3 4 7 6 5 2 1 .lak 1 2 5 6 7 43 CaeaN br

Ma.sk ~II 7 5 1 Mask 12 6 4 Camera Number
No.. 1 2 3 4 5 6 7 No. 8 9 10 11 12 13 14 Panel Number

221 T Run C-6A4

222 T

223 T

224 T

225 T

226 T

227 T T

228 T T

229 T T

234 ; T

[ -- -

234 T T

235 -/T

236

237 T/

23.8 TT

239 T

285 -
- -Run A-2At

286 T

287 T

' 289 T

605 T Run E-2A2

606 T

607 T

608 T

609 I T

.__j__610 I T
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Mas 3 6 r, 2 -- - - -_

Mas I_ 1___
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SET 11 NOttS

Mak 3 4 7 6 5 2 1 Maok 1 2 5 6 1 4 3 CaieraNumbaer

No. 1 2 3 4 b 6 1 No 89- 1011 12 1 14 Pa,,pINmginhv,

232 T _Hun S IA" mo

233 T

134 T

235

2 36 r _

;37 T

lPun S 2A1

727 -

:A TliIl4

226 1

h7AS ! I

f;Il I ii t A-6

6 1,

014 15

- L ..... L--
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SET 11 (Cont'd) NOTES
v.ih •1 6 22 

a• 
" (1O 3r N t1a•, , ', ,r

617 Run L ?Al

23T Run L ?A3

200 T

201 T7

2 14 _. R• L lA b

.21 _T..
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SET 12 NOTES

Mask 3 4 7 6 5 2 1 Mask 1 2 5 6 7 4 3 Calnera Number
No. 1 2 3 4 5 6 7  No. 89 10 11 12 13 14 Ptnel NumoeV

037 T Ru.nO 8,,4

038 T

j39 T

040 7

041 T

042 T

043 T

all T Run NA AP'2

812 T

813 T

814 T

Big T

R1o

812 t

8203
82 T

821 TT

822 T

824 t t

H29 TT

H•'RT T

8 I T TT
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SET 12 (Cont'd) NOTES
Mask 3 4 7 66 2 1 41126meaI I 21 1Mask1  6 1 5 36 CaeumberNo. 1 23 415 6? No. 8 9 1 011 1213 14 Panel Number

933 -flui NA AP2

834 T'

835 -T

836 T

937 T

839 T

11, 58lun[IA A ,



SET 12 (Cont'd) NOTES

Mask I 7 6 ask 17 4 3 Camera Number

No.. 34567 No. 9 0 1 1 1 2 1 3 1 4  Panel Number
- =1 - * - - - =

603 T Run N-lA5

604 T

606T

214 Tun m--1A5

215 T

216T

17 
5

218 T

219 T

220 T

221 T

222 T

223 T

224 T
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SET 13 NOTES
Mask 34 761521 Ma 1 2 5 7 3 Camera Number

Mas -I.671

No.1 2 3 No.5 N 8 9 10 11 12 13 14 Panel Number

601 T Run F 1A6

602 T

WO3 T'

A T

am T

&A T

W?) T

am T

ON T

610 T

611

613 r

__. - A _6¶3 I
614 T %01

11.60
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SET 14 NOTES

Mask 3 4 7 6 5 2 1 Mask 11256743 Camera Numbe
-k -1 Caer Number- - -No. 1 2 3 4 5 6 7 N 9 10 11 12 13 14 Panel Number

224 T Run B1A4

225 T

226 T

227 T

228 T

229 T

230 T

231 T

232 T

233 T

23-1 23IT ....- -- -

235 T

236 T I

237 T j I

238 T

246 T R,_" O-I A3

249 T

260 T

254 T

252 T

253 T

254 T

M T

26u T
rW

297

260

260 T

~L I -Run f-_6A I
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SET 14 (Cont'd) NOTES

Mask 6 5 2 1 Mask 1 2 5 6 743 Camera Number

No.. 1 4567 No. 8 9 1 10 11 12 1 3 1 4 Panl Number
-- = = = - =. 'm mm - .m•

2 T Run E -6A1

270 T

271 T

272 r

273 T

274 T_ _. ._

275 T i
276 T

277 T

270 T .r

279 T _ _ _

- �-. �" a . _-- 62

- -.- ,--a - . ...
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SET 15 NO .f S

S1 6 b 2 1 Mas 1 C.I 1 4 3 Cai, !w Nutmber

No. 1 ' 3 4 i 6- 1 No. It) 1U 1 1~2 13 14 Pdaw rNumbor

20 ._ THun 
R 1 A3

203 T- _

203 --

200 T - - -

201 T

206 T -

20o I ....T.210 -Tfj~-Y
T3 Run, R I A6

S633 .. . . . .. . .. .

_--._ _[ = . . .... . ....

439 THun II 1 A5

,,o ! , It -l . ... . ...440 1

231'T

11-63 11

232 1 T
233 T

11-63



SET-15 (Cdnt'd) NOT;
3ak3 7 6 5 2 1 1 2 6 7 4 3 Caimier;a Nur,;.erNo. 5 6 1 o 6 11 12 13 14 Paild C•.ilr

238 TL:n D-r A4

241" _ - -T

243 -- j-AlS~
219 T Run R-IA

220 T

TI

11-64



SET 16 NOTES

Mask 4 7 6 5 2 1 Mask 1 2 5 6 7 4 3 CameraNumber
No. 2 3 4 5 67 No. 8 9 10 11 12 13 14 Panel Number

801 T T . .Mun.NA AP3

802 T

803 T

804 T

806 T

6 T T

807 T T I 
-

808 T T

808 T

810 T TSi- ,..-• - -- - -;

811 
T

~131. T

- - - . . -

816 T

817 T T

SIR4 T T

819 T T

821 Tr

821. T T

823 T T

814 T T

T
82b T T -

_

816 T T

827 T __T~1

TT

11-88 T~ Run NA AN4

T T T
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SET 16 (Cont'd) NOTES

Mask 3 4 7 6 5 2 1 Mask 1 2 5 6 7 4 3 Camera Number
No.. 1 2 3 4 5 6 7 No. 8 9 10 11 12 13 14 Panel Number

-,.- - - _ =-

830 T Run NA-AP4

831 T

832 T

833 T

834 T T, T

835 T T T T -

836 T T 1

837 T T T

838 T T T

839 T T T

840 T T T

841 T T T

842 T T T.-- - -

843 T T T

844 T

845 T -
T ,un NA-AP5

847- T T
848 T T

849 T T

850 T T

851 T T

852 T T

853 T T T
854 T T

855 T T

856 T T

857 T T

858 T T
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SET 16 (Cont'd) NOTES

Mask 3 4 7 6 15 2 1 Mask 1 2- 7 4 13 Camera Number

No.. 1 2 3 4 5 6 7 No. 8 9 1011 1213 14 PanelNumber

859 T TT Run NA-AP5

ow0 T T

F,61 T T .

862 T T

901 T Run BA-AP4

- - 902 T

903 T_________

904 T

905 T

906 Ti

907 T

91 T

9tO T

911 T

915 T

916 TT,
914 T

915 TT I
873 T[ MI API

874 T_______

877 T

878 T T

819 T T T
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SET 16 (Cont'd)
NOTES

Mask 3 7 65 Mdsk 1 2 5 6 7 4 3 Camera Number

No. 1 23 4 4 No. 891011121314 Panel Number

880 T T MI API

881 T 4
882 - - - - - T -. _- -

883 _ T _

884 r

8865 ________

887 T

888 T r

.. -- _ __ , ,

Ph AP.7

466

lot,

ABB

4.i
968 1'!



SET 17 NOTES

Mask 4 _ 2 1 Mink 1 2|b 6 7 4 3 Cn,,.ra Numbher

No. 2 4 5 6 7 No. 10 11 12 13 14 P'aneI Nimb.r

q04 I NI AP

405• T

9,00 1

907 1

900 1 •

-~ - 1-~i1169



SET 18 NIS NOTES
Malsk 'T T 4 :1 a•r k 1  

5 6 7 4 3 Cahii.,r1 Nt.mh,,r
NNo. 1) 10 11 12 13o. 14 P.,II.,ah,

628 T Run A 2Ad

629 -T

230 T

631 T

632 T -_

633 T

S.6...4. -T~__ - -... -.-.... . . . .

636 1T

638 T

, 645 T
637 3__ j

6.. . !t- .....-......

*.. - -- -z r_2 _.;

-- ®- ! I

- 1

1170

77",m|



SET 18 (Cont'd) NOTES

Mask 3 4 7 6 5 2 1 Mask 1 2 5 6 7 4 3 Camera Number

No. 1 2 3 4 5 6 7 No. 8 9 10 11 12 13 14 Panel Number

658 T Run A.2A2
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SET 19 NOTES

Mask 3 4 7 6 5 21 1 M4Wsk 1 2 5 6 7 4 3 Camera Number
No. 1 2 3 4 5 6 7 Nv. 8 9 10 1112 13 14 Panel Number

6- 4A T Run J-1A5

645 T

646 T

647 T

648 T

649 T

636 T Run G.2A1

637 T

638 T

639 T

640 T"- - - - - - - --

641

642 T

254 T Run K.1A8

255 T

256 T

257 T

2658 T

235 T G WIA4

236 T/T

237 T/T

238 T T

239 T

240 T

241 T

242 T

039 T

T
117040
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SET 19 (Cont'd) NOTES

rMA sk 3 4 ' 6 5 2 1 si 1 2 5 4 3 C ami er,i Nu inher

No. 1 2 3 4 5 , No. .1 9 l0 11 12 i 1ber

04. T Run G-1AM

44 T 
Run N IAI

S.... .. .. _- . . .. .
_ _0 I I

226 -T 
RunO 8 A3

27 T

2289 T~ ~~

61 T RunC 1A S

612 T

6-* 16T

• 62

a-- I I .j--- I

.. .. .. . ..... 623 .. .. i_2-5 ._L _L _ _ _ _- ; L -- -. ....

L 62611--I--
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SET 19 (Cont'd) - NOT IS

N1.'I b ~~~4 II 6 1' 4 3 C. ''"*. Number
Nt 1 2 3 i 4. (1NJ 0 1 ) I., ' wl

6.10T Run C I A5

I- 631 
..-.T

.4. -* L

74



SET 20 NOTES

3 4 65 2 1 hli~ 1 2 5 G(1/ 4 3 -C~mw,ii Numbe.r

N 1 2 3 4 5 6 / j 0. 8 9 10 11 12 1.3 14 K .....b"'

2i9 T RunR 1A7

223 T

224 T

225 _ ___

T-:-

227 T _____

T RunR 1 A3

N66

628 T -

629

_ II

643 T

635, T

TT

•4s RUM.. RnE AS

646

662 ..

1 -

11-75



SET 20 (Cont'd) NW LS

3 4 2 1 2 6 7L. ,,i l 1 •'r A r Llm,

No 2 3 4 Nit 1 1 1 1~ i~i 'n.I~aiI,

- ..-.. .4_T "un H I AS

-- -- - --... L .hj... .. .,

-T 

-T

- .T I.~7jI S4, .---

.!7J1 I Ku.

- . i ..- !- " .. .

iT

-11 
76

46b S 'A'~i . f 1

p * --- - .- 1 1 76V



SET 2t 
NO VES

Mask 4 -7 6 2 1 2 6 
)1 ESA-- -- 3 Comera Nullbgr

3 4 6 6 8 9 -- 1-
It 12 Pallol Nuiliber

I - =M==ý
90 ýl T OC API

_902

903 t

904 T

802

803 OC AP2

804

BOB r

T

807 r
806 T

809

slo

812

813

814

8 151

eta

at? 
T

His
T

810
T

920
T

T

822

-- -----------

8 '4

11-77



SET 21 (Cont'd) NOTES

Mask 3 4 7 6 5 2 1 Mask • 2 5 6 7 4 3 Camera Number
No. 1 2 3 4 5 6 7 No. 8 9 10 11 12 13 14 Panel Number

841 T MIt AP2

842 T

843 T
844 T--

845 T

846 T

847

848 T

849 T

867 T MI AP3

8U T

869 T

870 T

871 T-

872 T

873 T
87 -

874 T

875 T

876 7

877 T

878 T

879 T

880 T
881 T L,

401 T Hum o4 I A9

402 T

404 T

L405 T

11-78



SET 21 (Cont'd) NOTES

Mask 3 4 7 6 5 2 1 Mask 1 2 5 6 7 4 3 CameraNumberNo. 1 2 3  4 5 6 7 No. 8 9 10 1 12 13 14 Panel Number

406 T I Run H1A9

601 T A

602 T

-H 603

- T 604 T --

&) - -• T -

604 T T

-I 609 T T I

T T"

204 T" Run k IAI7

205s T I

206 T ':-

207 •"

206 - T, . .

209 T

21- 
Run NqI 1A4

,'16 T ,

-- 939J T Run 3A AP5

-- g40 T

941 T"I-

942 T

943 T

--.- ._. . _94 4 T

9g46 T
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SET 21 (Cont'd) NOTES

Mask 7 4 7 6 5 2 1 Mask 1 2 5 6 7 4 3 Camera Number

No. 1 2 3 4 5 6 7 No. 8 9 10 11 12113 14 PanelNumber

949 T Run BA-AP5

961 T _

952 T _

963 T

T

966 T

956 T

- -957 T T

968 T T

959 T T

S --- - - - - --- -- - -,.

11.80



SET 22 NOTES

Mask 3 4 7 65 2 1 Mask 1 2 5 6 7 4 3 Camera Number

No- 1 2 3 4 5 6. 10 1 2 13 14 Panel Number

218 T Run A.2A3

219 T

220 T

221 T
222 T

223 I"

224 T

225 T

226 T

227 T

228 T

229 T

230 T

231 T

232 T

233 T

234 T

235 T

236 T

23 T

238 T

239 T

240 T

241 T

242

_243 T...

244 T

245 T

246 T-

11.81



SET 22 (Cont'd) NOTES
_77 r__

Mask 3 4 7 6 _T 6 -7 42TI.- I'llera Nur"htr
1 2 3 4 6 7 No. 8 9 10 11 12 13 14 1 P-111A Number

249 T
Run E AA4

250 T

251 T

252 T

254 
_T

255 k, -------

256 T

257 T

258

259 T

T

T

--.ZBU2- ---. __ - -. T__

268

_T

T

22-L-.. -7
604 Tj -Run N IAII

WS T

W6

_ýo 

7

6124 F 4U A3
613

6 14 T
L_228 T

Q 4A4

11-82
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SET 22 (Contd) NOTFS

M a 4 1 6 !l 2 1 Mnsk 1 2 5 63 (,menri Numlr

No. 1 2 3 4 /6 1 No. 8 9 10 11 12 13 14 IVmol Nombe

279 T RunG AM

4i9 T Run D - lA5

420 T,

IT
421 

r T
,,T .-.- , -: - ,._

422 T __ _ __________

T

423 T

424 T

425 T

426 T

427 , T

428 T

429 1T---..

430 T4131
435

617 T

S618
eta T _

S.... . . . . .... 67..L T

623 T

624 T

625 7

621 T

-_. 629 - r

16129-•

11-83



SET 22 (Cont'd) NOTES

Mask 3 4 7 8 5 2 1 Mask 1 2 5 6 7 4 3 Camra Numiber

No. 1 2 3 4 5  6 7 No. 8 9 10 11 12 13 14 Panel Numnber

630 T Run O--A5

631 T

1 63 .. ... . . T -__

- - - -- - - - - - - -m- - -

11-8I

11-84



MAINTENANCE PROCEDURES

PREVENTIVE MAINTENANCE

A. GAT-1

On a monthly basis tbe GAT-1 should be checked using the GAT-1 cali-
bration test procedures presented in Section X, Part V1. This should be
done by qualified personnel. The Operations and Maintenance Manual
put out by the manufacturer can be used as an additional reference for
mechanical checks.

B. PDP-8E COMPUTER AND ACCESSORIES

Preventive maintenance will be performed monthly by the Electronic Ser-
vices Division of NAMRL. This maintenance will include analysis of the
PDP-8/e digital computer, the A/D converter (ADOI-AP), the paper tape
reader (DR8-EA), and the teletype (ASR-33). Calibration procedures and
documentation for the AID converter are presented in Section VI, Part IV.
The manufacturer's literature must be used for the other equipment.

C. PROJECTION SUBSYSTEM

Performance checks of the projection subsystem done on a routine basis
by personnel in the Vision Division should identify any problems in the
subsystem. Any necessary repair of the remote control box or electrical
relay junction box in the projection booth will be done by the Electronic
Servies Division of NAMRL. Mechanical and electrical repair of the Kodak
equipment will be performed by Naval Training Aids of the Naval Air Sta-
tion, Pensacola.

D. PROJECTION SCREENS

The Kodak Ektalite projection screen has an aluminum surface which
is quite delicate. The prevention of dirt accumulation on the screen is of
paramount importance since images projected on the screen can be degraded
in quality. The screen should be dusted, weekly, with a feather or camel
hair brush.

To remove fingerprints and light surface dirt, the following procedure
should be used. (Fingerprints should be removed immediately, as they
will eventually etch the foil.I

Step 1. Remove any surface dust from the area to be cleaned by brush-
ing lightly with a camel's hair brush.

Step 2. Pour some TSP powder into a pail.
Step 3. Adjust enough hot water to dissolve it entirely.
Step 4. Wipe area about one foot square with cotton or a soft cloth.

Always wipe with the grain of the screen. DO NOT RUB F
12-1



Step 5. Immediately afterwards, wipe the area with a soft paper towel
saturated in plain hot water.

Step 6. Immediately wipe the area with toilet or facial tissue to dry it
and prevent water spotting.

II. PERFORMANCE TESTS

Four major tests of the VDS system should be performed after any maintenance work
or repair and on a regular basis during data collection. These tests would assure
that the system is functioning properly for experimental runs. The four tests
are presented below.

1. I/O Digital Input

This subsystem should be tested first. The procedure for this check is
presented in Section V, Part Ill, Computer Check of the Digital I/O
Signals. Use the I/O Digital Interface Check-out procedures so that
both the computer I/O cards end the controls on the Supervisor's
Console can be checked. Be sure the ON/OFF switch on the Super.
visor's Console is in the ON position. This enables the necessary
power supplies for the junction box and digital controls. If a prob-
lem is detected the M863 check-out test should be done to determine
whether the problem is on the I/O board or the external circuitry
within the Supervisor's Console/ Junction Box.

2. Analog Signals

These signals should be tested second. The best method for checking
these signals is to use the computer program. With this method, the
calculations of the analog signals will indicate what signals are not within
acceptable limits. Procedures for this test are presented in Section VI,
Part VI, Calibration Check with the Computer Program. If a problem
is detected, the appropriate circuit board in the GAT.1 should be
checked and the PDP-8/e A/D Converter tested. Procedures for testing the
A/D Converter are presented in Section VI, Part IV. The GAT.1
manuals contain the information pertaining to the circuit boards,

3. GAT-1

The GAT1 flight characteristics should be checked for general respon.
siveness to the pilot controls. The flight check given in Section X,
Part VI, should be used for tiis assessment. If the navigational sys-
tem is used for experimental runs, these systems also need to be
evaluated. Follow the procedures for VOR and magnetic deviation
programming check, ILS programming check, and ADF programming
check found in Section IX, Part Ill. For a problem with the navi-
gational system, first check the programming then the appropriate
pots on the Navigational Area Programming Panels. If the problem
,.annot be located, the GAT I circuit boards must be checked.
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4. PROJECTION SYSTEM

The projection subsystem can be tested by running the computer pro-
gram with the short tape version of an experimental run. Check to
see if the dissolve units are switching between the odd and even pro-
jectors and if both the right and left hand side are synchronized.
Should only one or two units not function properly, replace the
appropriate dissolve unit or projector. If the entire projection system
does not work properly under computer control, the hand held remote
control box should be used to isolate the problem. If the projection
subsystem can be controlled by the hand held controller, it would
indicate a problem with the computer or junction box in the Super-
visor's Console. If the hand held controller does not activate the
projection subsystem, the problem would probably be in either the
projection booth junction box, the + 24 volt power supply, or the
wire connections between the Supervisor's Junction Box and the Junc.
tion Box in the projection booth.

While the projectors are operating, they should be checked for unusual
noises, misalignment, and to see if the slides are dropping into the
slide gate properly. If the projectors are not operating pro3erly, turn
the malfunctioning unit in to Naval Training Aids for repair. P'it

all the slide trays which are used for an experiment on their respective
projectors, With the projectors ON, press the select button on the
side of the projector. Slowly spin the trays. If a tray does not
readily turn, check the bottom of the slides to see if one is chipped.
Repair the slide or discard it. Also check the plastic foot in the pro-
jector gatm which pushes the slides into the tray. If the foot is not
smooth, it will catch on the slide and not properly position the slide
back into the tray. A piece of emery cloth will typically correct this
problem if the foot has not been severely damaged by a broken slide.
Occasionally, the tray itself does not function properly. This can be
checked by putting the tray on a good projector and test the tray by
manually advancing and reversing it.
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OPERATIONAL PROCEDURES

Prior to placing a subject in the VDS for experimental purposes, it is necessary to
have the computer program loaded and the projection system prepared for operation.
The projection system preparation is presented in Appendix C, while instruction for
loading the program can be found in Appendix D, Part II. In addition, the projec-
tion,GAT-1, and computer subsystems, should be checked to insure that all equip-
ment is functioning properly. Appendix B describes in detail how these checks
should be performed.

Step-by-step procedures for making an experimental run under the current con-
figuration is presented below.

Step 1. Before the subject arrives, the supervisor selects the appropriate scenario
for the experiment. A scenario consists of 28 coded slide trays for the
14 projector-pairs which illuminate the 14 contiguous screen sectors.
Each tray contains up to 140 slides. The supervisor selects the computer tape
which contains the appropriate identification of the targets and places
the associated 28 slide trays in the proper projectors.

Step 2. When the subject arrives, he and the supervisor prepare a flight plan to
be followed during the experiment. This plan specifies airspeeds, alti-
tudes, and VOR-radials or headings to be flown.

Step 3. The supervisor then enters pre-run data into the computer using the
Teletype and the fast Paper Tape Reader. These data include the sub-
ject's name and all constant parameters needed for the experimental run.
The data are not directly related to the slide material and ae read into
the computer before the run starts. Specific instructions on how to
operate the computer are described in Appendix D, Part I.

Step 4. The supervisor then places an appropriate scenario tape in the fast Paper
Tape Reader. The computer reads the data for the first slide without
advancing the projector. At this point the computer stops and waits
for a START input from the Supervisor's Console.

Step 5. Before starting the experiment, the supervisor monitors the pilot's per-
formance as he takes the GAT-1 to an assigned position, altitude, air-
speed, and heading or VOR radial. These "command" parameters are
set on the Supervisor's Console controls and monitored by the computer.

Step 6. When the subject has flown the GAT-1 to a position called for in the
flight plan, the supervisor depresses the START button to begin the
visual display and the experiment. The computer immediately controls
all odd projections to show the first slide in the scenario sequence if
all even projectors were on before the experiment started.
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Step 7. During the entire experiment, the computer generates slide change and
slide advance signals at regular intervals. Each SL ADV signal switches
all OFF projectors (either "even" or "odd" set) to ON, switches all ON
projectors to OFF, and advances the new OFF set of projectors by one
slide position. To skip slides, the computer sends SKIP signals immed-
iately following a SL ADV signal.

Step 8. Prior to each slide change the computer reads-in a block of scenario
data containing the following information.
1. Slide number.
2. The number of aircraft which are visible on the screen.
3. The number of (0 to 3) ODD slides to SKIP.
4. The number of (0 to 3) EVEN slides to SKIP.
5. Discontinue SLIDE ADV for either the right or left 900 half of

the visual field.
6. Assigned target numbers for aircraft which first appear on next slide.
7. Direction of all targets to nearest 20.

Step 9. Throughout the experiment, the computer compares command flight
parameters with actual real-time samples from the GAT-1. A figure-of-
merit on the quality of piloting is calculated every 5 seconds.

Step 10. When the subject pilot visually detects an aircraft, he depresses the
Detect Button and the time of detection is recorded in the computer,
The subject also announces the detect sector (1 to 14) and the super.
visor depresses the corresponding button. Internally, the computer
matches the indicated sector with target numbers and positions to deter-
mine accuracy.

Step 11. As the eiperiment progresses, the supervisor monitors flight conditions
and the fi'qht plan to keep reference "command" flight parameters up.
to-date. If required by the experimental design, he also changes the
flight condition when necessary.

Step 12. If at any time the supervisor wishes to halt or interrupt the experiment,
he may do so by depressing the STOP button. This suspends all com-
puter operations in the last state and preserves everything necessary to
resume operation on the next instruction with no skipped instructions.
Depressing the CONTINUE button resumes the experiment. The instruc-
tor might, for example, use the STOP to modify a flight plan if the
pilot appears to have too much difficulty.

Step 13. At the end of the experiment, the computer calculates a number of
statistical measures of real-time figure-of-merit results, These data and a
record of all detections areprinted out by the teletype.

Step 14. At the conclusion of the experiment, the subject participates in a
debriefing with the supervisor.
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APPENDIX A

POWER UP AND SHUTDOWN PROCEDURES

GAT- 1

A. TURN ON PROCEDURES

1. OAT-.i POWER ON

Step 1. Roll, Pitch, and Yaw motion switches OFF.
Step 2. Turn key ON.
Step 3. Push red power button. The tire screech must be audible when the

trainer is turned on. If not, quickly turn power OFF and notify
proper personnel

2. ENGINE ON

Step 1. Insure that the parking brake is ON (aft position).
Step 2. See that the CARS HEAT control is OFF (forward position).
Step 3. Crack the throttle (push forward slightly).
Step 4. Turn the MASTER switch to ON.
Step 5. Set the MIXTURE control to its full rich position (forward position).
Step 6. Start the engine by setting the IGNITION control to the START

position momentarily and returning it to the BOTH position. The
tachometer should indicate 550 (± 30) rpm.

3. PRE-FLIGHT CHECK

Step 1. Check OIL PRESSURE, OIL TEMPERATURE, CYLINDER HEAD
TEMPATURE, and FUEL gauges to insure that all needles are in the
green regions. If not, adjust the controls on the Supervisor's Console.

Step 2. Set the altimeter pressure reading to 30.00 by adjusting the knurled
knob on the indicator.

Step 3. The altimeter should read zero feet. If not, adjust the FIELD
ELEVATION control on the Supervisor's Console.

Step 4. Insure that the CENTER OF GRAVITY control on the Supervisor's
Console is set to 25 percent, GROSS WEIGHT to 1600 lbs., OUTSIDE
AIR TEMPERATURE is st to standard, WIND VELOCITY is set at
0 knots (turned fully couterclockwise), and the ROUGH AIR is OFF.

Step 5. If the X-Y recorder Is to be used, place the ON/OFF swiches ON
and turn the mode switch to norm.

Note: For takeoff procedure, refer to OAT -1 Flight Check, Part A,
Section X. Energize the pitch, roll, and yaw motion switches for flight.

A-1
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B. GAT 1 SHUTDOWN PROCEDURES

1. PILOT INSTRUMENT PANEL

Step 1. Pull PARKING BRAKE aft.
Step 2. Adjust the throttle to idle.
Step 3. Set the MIXTURE control to full lean.
Step 4. Set the IGNITION switch to OFF.
Step S. Set the MASTER switcA to OFF,

2. RECORDER CONTROL PANEL

Step 1. At the recorder control panel, turn the MODE switch to the zero
position.

Step 2. Place the ON/OFF switch to the OFF position.

3. POWER PANEL

Step 1. Deactivate the three motion switches. Always deactivate these switches
before turning power OFF,

Step 2. Depress the POWER button to OFF,
Step 3. Turn the key-lock switch OFF.

II, COMPUTER

A. TURN ON PROCEDURES

Step 1, Turn the key located on the computer console to the POWER position,
(If the key is turned to the PANEL LOCK position, no input can be made
to the computer from the console. PANEL LOCK should only be used
when all the computer tapes have been loaded and the experimental run
is ready to start. This key position prevents any accidental input to thE
computer during the experiment which might alter or stop the program

Step 2. Turn the teletype iTTY) switch located on the lower right-hand edge to
LINE. (This links the TTY and computer together to that the computer
can accept input from the TTY. The switch position LOCAL aelows the
TTY to be used on a stand altne basis without the computer,)

Step 3. Insure that the TTY pqmer tape reader switch is set to FREE and the
TTY paper tape pinch is OFF. The paper tape punch and reader are
located on the side of the TTY.

Step 4 Insure that the toggle switch of the highspead paper tape reader iPTRI
above the console is in the ON position.

Step 5 Insure that the HALT twitch on the computer console is up
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B. SHUTDOWN PROCEDURES

Step 1. Turn the TTY paper tape reader switch to FREE and depress the TTY
paper tape punch OFF button.

Step 2. Turn the TTY switch to the OFF position.
Step 3. If the run light is on, press the HALT twitch on the computer console.
Step 4. Turn the key located on the computer console to the OFF position.

Ill. PROJECTION SYSTEM

The power switch to the slide projectors is an ON/OFF tcggle switch located on the
Supervisor's Console. If there are resolution slides in the projector's gate, do not turn

on projector power unless the slide trays are properly positioned on the projectors.

IV. JUNCTION BOX

The power switch for the 5 VDC and 15 VDC power supplies to the junction box is in

ON/OFF toggle switch located on the Supervitor's Console, This Switch should be placed
In the ON position during an experimental run,

A.3
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APPENDIX B

OPERATIONAL CHECK

The quickest and easiest method for insuring that the VDS system is functioning properly is to run

the VDS computer program and the I/O Digital Interface Check-out program. While this method is

not all-inclusive for testing the entire system, the digital I/O and analog signals necessary for calculating

the performance measures can be checked for general malfunctions. It is believed that this method

would be adequate as a daily operational test. More extensive testing should be done on a weekly

basis. The procedures for the weekly performance tests are presented in Section XII, Maintenance

Procedures. The procedures for the $-'!," operational check are presented below.

Step 1. Turn on the computer, projectors, power supplies to the Junction Box, and the GAT-1.

Step 2. To check the analog input and the performance calculation, turn the GAT-1 engine on.

See Appendix A.

Step 3. In the GAT, push the throttle -,,id air mixture controls fully. Release the parking brake

(push in the control). This proce'-"re enables the airspeed to increase from zero which is

necessary for rudder control of the y.v, "- t'on system.

Step 4. Energize the yaw motion system.

Step 5. Set the Direction Gyro Indicator to read South by using the rudder pedals. Turn the

yaw motion switch off.
Step 6. Adjust the throttle until an airspeed indication of 100 MPH is obtained. Be sure the

motion switches are off.

Step 7. Turn the field elevation pot on the Supervisor's Console until a 3,000 feet indication is

obtained on the altimeter.

Step 8. Set the parameter switches on the Supervisor's Console to LEVEL, VFR, ALTITUDE 0/0,
DO, COMPUTE, AIRSPEED 96 MPH, and 000 HEADING.

Step 9. Run the short version of the VDS computer program. [A modified version of the

parameter and scenario tapes has bean made which shortmes a computer-run to approx.

Imately one minute. On the parameter tape, the time interval at which slides are changed is set

to 5 seconds, and on the scenario tape, the number of slides in a scenario is set to 10. Instructions

on how to operate the computer and to load tle progra, A are described in Appendix D.I

Step 10. Check the analog calibrations on the printout. (Multiply the peak deviation in the fifth

column by the unit value descrived in Appendix E, Data Output on TTY. The derived

scores should be equivalent to the differences in the instrument readings and parameter
settings.]

Step 11. Rerun the program, and monitor the slide changes made by the projectors.

Step 12. Return the field elevation pot to its original setting so that the altimeter in the GAT-1
reads zero feet.

Step 13. To check the digital input, run the I/O Digital Interface Check-out proguam. The pro-

cedures are presented in Section V, Computer Check of the Digital I/O Signals, Pirt Ill.

Before running the program, set 77778 in the switch register. Pull up on the DEP
switch. While the switch is up, check to see that all lights in the accumulator are on.
Release the DEP switch. Proceed with the procedures required by the computer.

Step '4. Relod the VDS program.

Step 'IS. Shut down the systems.

J B
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APPENDIX C

PROJECTION SYSTEM PREPARATION

Each screen sector is illuminated by two projectors. The projector on the right has been labeled
EVEN and the projector on the left has been labeled ODD. Therefore, there is an odd and even
projector for each of the contiguous screen sectors. A scenario consists of 28 slide trays, one per
projector. To load a scenario, each tray will need to be placed on the appropriate projector. Each
tray is labeled odd or even and according to its sector number. The projectors are marked in the
same manner. For every pair of projectors, there is a dissolve control unit which is located under-
neath the projectors. The following information tells how the projection system should be pre-
pared for VDS operption.

Step 1. Insure that all dissolve units are plugged into the wall outlets and the computer remote
cord is connected.

Step 2. All dissolve units should be toggled to ON and the timing control on MANUAL.

Step 3. Plug the projector remote cords to the odd and even projectors. The bottom remote
cord should be plugged into the even projector.

Step 4. The projector's lamp setting should be on FAN.
Step 5. Turn on the projector power by using the switch at the Supervisor's Conso!e.

Step 6. Check to see that only the even projectors are on. If one pair is reversed, change t',
timing control of the dedicated dissolve unit to 6 seconds. The dissolve control wsill
switch to the opposite unit. Put the setting back to MANUAL. If any projec'.ors do not
come on, check to see that the dissolve unit and projectors are plugged Into( the appropriate
outlets and that the units are turned on. Also determine if a projector !dmp needs to be
replaced.

Step 7. Visually check the color of the projected light. If there Is any color tint, replace the
light bulb.

Step 8. Place a resolution slide in the empty gate of each projector and then place the slide
trays on the p-ijectors. To insure that the trays are properly sested press the SELECT
button. Make sure the projectors are on the 0 slide slot.

Step 9. By using the resolution slide, make sure the projected Images are aligned and in focus for
the 14 ON projectors. Focussing is very critical for the VDS system, It is Imperative
that any image used for focus be at the center of the screen. Due to the curvature of
the screen and the high, angular position of the film plane, any image brought into clear
focus on the top panel will be blurred in the bottom panel, Therefore, obtaining the
best possible focus at the horizontal joint of the screen Is the best compromise. Be a
systematic as possible in judgements concerning focus; otherwise, subject differences found

in an experiment may be due to focus differences rather than true performance differences.
Step 10. After checking the 14 ON projectors, put the projector lamp setting on OFF.
Step 11. Set the remaining 14 projectors to the HIGH lamp setting which overrides the dissolve

control. Replace light bulbs if necessary. Check the color of the projected light. Align
and focus.

Step 12. Set all projectors beck to the FAN lamp setting. Insure that all projectors are on the 0
slide slot.

C-1
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APPENDIX D

COMPUTER PROCEDURES

INSTRUCTIONS FOR COMPUTER OPERATION

To run an experiment, information to the computer must be entered through the teletype
(TTY) and the high-speed paper tape reader MPTR). The TTY parameter input is punched
on an individual short paper tape for each scenario. These tapes, which are called the
"parameter tapes." are read in through the TTY paper tape reader located on the left
side of the TTY. Data relevant to the scenario of slides are read by the PTR. These data
inciude the number of tarets in the scenario, the identification number of each target,
the rangular position of the target relative to tho GAT--I, and the sequencing of the
right and left half of the proiectud field of view. These data are punched on a fan.
folded paper tape that is called the "scenario tape." Throughout an experimental run,
short segments of the scenario tape are automatically read-in prior to each slide change.
The following outline is a step-by-step procedure of the computer operations required for
an experimental run.

Step 1. Turn on the computer, projectors, power supplies to the junction box, and the
GAT--I. The power ON procedures are presented in Appendix A.

Step 2. Select the desired scenario tape and place it in the PTR (high-speed paper tape
reader) located above the computer console Be sure the PTR is turned ON.

Step 3. Turn the TTY (teletype) switch to LOCAL, the TTY paper tape reader switch to
FREE, and depress the TTY paper tape punch button marked ON. The paper
tape punch and reader are located on the left side of the TTY. Make sure
there is plenty of tape for the TTY paper tape punch and for the keyboard.
Press the HERE IS button on TTY keyboard. This will cause the TTY to
produce a short piece of blank tape. Press the HERE IS key several times.
INOTE: The purpose of the last step is to prepare a leader for the paper tape

which will contain all initial information regarding the experimental run and the
subject's data. The information will automatically b- punched on the tape during
the remainder of the procduwd.I Now, turn the TTY switch to LINE, and place
the parameter tape into th%;. TTY tape reader.

Step 4. Depress all the keys of the switch register (SR) on the computer console down.
Now, lift keys 8 and 11 of the SR (0011w) and depress EXTD ADOR LOAD
key. Again, depress all SR keys. Now, lift keys 2, 3 and 10 (1402 ).
Depress ADDR LOAD key, then START/CLEAR, and then START/CONT
key. The teletype keyboard should lump once.

Step 5 Type in the subject number (4 digits mandatory) on the To'Y keyboard. Press
the RETURN key. Depress the OFF button on the paper tape punch. Set
the TTY tape reader switch to START, and it will read in the parameter tape,
type the information contained on the tape on the keyboard, and punch it on
the TTY tape punch If this does not happen, the punch has not been turned
on properly, or the tape has been jammed. At the end of the tape, the input
will be echoed once more on the TTY,' check for errors. During this time, the
PTR will also read a sh'ort segment of the scenario tape. Now switch the TTY
tape reader to FREE and remove the parameter tape. Depress the TTY paper
tape punch button marked ON.

0-1
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Step 6. Check to see if the dock on the supervisor's console is Stopped. If it is not.
push the STOP button on the supervisor's consme. If everythin appears
normal and the subject is already to begin. push the START butmon.

This should reset the clock to 0. Now, pers the CONTINUE buaon on the
console. Slides will change, the dock will start, and data collection will be
underway. If the computer does not respond correctly, go beck to Step 3 and

oroceed again. If the computer still does not respond. it may be necoery to
reload the program as described in Part II. Should reloading not help. corractive
maintenance may be required.

Step 7. If a mistake is made during any of the above steps, depress the HALT key on
the computer, lift it up again and go back to Step 3. Do the some of an
error messiage is typed out on the TTY. When there ts an error messae, more

than likely the tape in the PTR was not positioned over the blank part of the
tape. but over some punched par of the tape. Also check to we if the subl.ct's
identification number was correctly typed on. If th-T.rroc messlage persists, select

another scenario tape. There should be more ;nan one copy of eaoh scenario tape.

Step 8. During an experimental run. it is possible to hkit the data collection and slide
changes by depressing the STOP button on ihe Supervisor's Console. To proceed

with the experiment, just push the CONTI1NUE button located on the same pane
Follow this procedure only when the subject must correct his flight earor or
when required by the experimental design. Caution should be exercised, since
all the subjects need to be exposed to the same experimental procedures for
meaningful analysis.

Step 9. At the end of the experiment, the data output will be typed out on the TTY
and punched out on the TTY tape punch. See Appendix E for a descrption

of the data output. At the conclusion of the data output, turn the TTY

switch to LOCAL and depress the HERE IS ke-, on the TTY keyboard until
this produces blionk tape. Rip off the tap and mark it with the wb*ect s
identification number, experiment identification code, and date Press the OFF
button on the TTY tape punch This tape is to be tramsforred to the Hewlert
Packard System. The procedures ae presented in Section IV, Part IX.

Step 10. Leaving the PTR on. turn off the TTY, the computer, and GAT-1. in that
order. Power dow', procedures are presented in Appendix A Remove the

tiays from the projectors and then turn off the proletiaon system by the
switch on the Supervisor's Console.

II. INSTRUCTIONS FOR PROGRAM RELOADING

Step 1 Turn the computer ON Power ON procedures are presented in Appendix A

Be sure the TTY (teletype) switch is turned to LINE and the PTR lhih-Speed
paper tape reader) is turned ON.

Step 2 Check whether the Binary Loader is in core Press 0I SR switches down Lots

up switches 7, 8, 10. and 11 (0033,). press EXTR ADOR LOAD Let all SR
switches (7777.1, press ADOR load. Turn EXAM ROTATE selectot switch
to MD. Do the ights show 5301' If yes proceed with Step 4 the 1inarf
Loader is in core). Otherwise, go to Step 3 [A more complete check to
determine if Binary is in core is to start Binary with no tap in the PTR reader
Set SR switches to 33•, press AODR LO0D Set SR to 7777.. press ADDA
LOAD, the push HERE IS key on the TTY and then simultanously depress the
control and K keys on the TTY wiile the HERE IS key is functionoe. If bonersr

is in core, the computer will hall 0 e the run light *oil go off
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Slap 3. Chek whether the RIM Loader is in core. Use pr.cedures specified in Figure 5-2
on page 6-4 of DEC's "Introduction to Programming" (set switches 6-8 and 9-11
equal to 331d. The instructions are listed in Table 5 I. Appendix E; use the set
of instructions for the high-speed reader. Load the Binary Loader by using the
procedure specified in Figure 5-3. let switches 6-8 and 9.11 equal to 33, use
high.eed reader.

Stop 4 Load the Linking Loader. Set switches 6-8 and 9-11 equal to 33, and press
EXTD ADOR LOAD. Set SR equal to 7 7 7 7 ,, press ADDR LOAD. Place
Linking Loader tape in high-speed toeader Set SR equal to 3777,. Press
CLEAR and CONTINUE The Linking Loader should now read in. Proceed
with Step 5.

Stop 5. To load final pbograms used for the VDS *xperimnrts Set switches 6.8 and 9.11
e"ual to 33.. Press EXTO ADOR LOAD. Set SR equal to 0200,, Press ADDR
LOAD.

Step 6. Take first tape in Table D.1, put it in the high.speed reader. Set switches 9.11
equ"I to the field setting in Table D.I ILift up switch 11 for field 1, switch 10
for field 2, and switch 9 lot field 3.1 Press CLEAR and CONTINUE. Tape
should read-in. If teletype tvpes out "Error 5," tpe w*il not advanced far
oetough to roiadh the set of holes along one side of the tape, reposition tape.

and press CONTINUE again, For 'Error 2." go back to Step 4.
Step 7 Take next tape in Table D.1, place it in the high.speed reader Set switches 9.11

equal to the field selling. Press CONTINUE. Tape should read in.
Stop a Repieat Step 7 until all tapes in table 0 I have been read in. Then set SR equal

to 2000 and press CONTINUE A long list of items will be typed out. Look
flo MAIN followed by a five digit number make sure it is 11403. otherwise the
programs were not loaded according to Table 0.1 Also look for any U's on the
right following any of the five digit numbers It a U appears, you forgot to load
that program, go back to Stop 4 If overothing checks out the programs have

now been reloaded



TABLE D-I

Program Name Date Last Revised Field Setting

VDS. Assembled (Main Program) 1/22/74 1

QUEST. 15 6/14/73 0

SLIDE. Assembled 5/18/73 0

AURAL. Assembled 4/13/73 0

SCTR. Assembled 6/14/73 0

TIMER. Assembled 1/22/74 0

HDUP. Assembled 6/04/73 0

XANGL. Assembled 6/14/73 0

XX, Assembled 6/14/73 1

DECOD. Assembled 1/22/74 1

MERIT. Assembled 1/22/74 2

REF. Assembled 1/ 31/74 2

DEC FORTRAN LIBRARY.
PART 1. Program 1 3

PARI 1, Prograim 2 3

PART 1. Program 3 1

PART 1, Program 4 2

PART 1 Ptogram 5 1

PART 2. Prograim 1 3

* SevetaI of ther' progrtins .NO, I)t'thhLod r•otght, i) the s.i.mt, tapP The ,imptiter
will , t,) aft,.t •Ach p)trxam
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APPENDIX E

DATA OUTPUT ON TTY

FIGURE-OF.MERIT DATA

The figure-of-merit data consist of 40 rows and 5 columns. The first column contains an
integer from 1 to 8, which indicates the detection state and altitude rate for the calculations.

1) Not used.
2) Not used.
3) No detected targets; level flight.
4) Targets have been detected; level flight.

5) Not used.
6) Not used.
7) Same n 3, but climb/descend.
8) Same a 4, but climb/descend.

The second column contains an integer from 1 to 5 and indicates the type of flight performance
quantity:

1) Altitude rate.

2) Altitude.
3) Airspeed.
4) Heading.

5) VOR deviation.

The third column shows the number of terms in the sum of squares. The fourth column
shows the sum of squares of deviations; the fifth column shows peak deviation. The units
are: 1) for altitude rate one unit is 24.4 t./min.; 2) for altitude one unit is 13 ft.; 3) for
airspeed one unit is 0.935 knot; 4) for heading one unit is 10; 5) for VOR deviation one
unit is a deviation of 0.09760.

For some combinations of columns there will be no entries because the combination cannot

occur; e.g., altitude deviation is not calculated during climb/descent. Space was still allowed
for such impossible entries because it required less computer memory to accommodate such
entries than to check and bypass them.

II. DETECTION DATA

The detection data consists of 3 columns.

The first column shows the target number. A .1 will appear if: a) there was no target

within 200 of the centerline of the indicated screen panel; b) the screen panel button was
not yet pressed TSUP seconds after the detection button had been pressed. el the error

button was pressed instead of the screen panel button.
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The second column shows the screen panel number for the detected target, usually an intogerfrom 1 to 14. A 100 will be added to this number If the taget was out of the normalfield of view (±88*) because of yaw. A -1 will. appear if the screen panel button was notpressed TSUP seconds after detection. A -2 will appear if the error button was prassed.

The third column shows the time in seconds at which the detection button was pressed.
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